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Three New Genera and Six New Species of South American 


Gyponine Leafhoppers (Homoptera: Cicadellidae)! 


PauL H. FREYTAG 


Department of Entomology, University of Kentucky, 
Lexington, Kentucky 40546-0091 


ABSTRACT 
Three closely related new genera (Fuminana, Villosana and Barbatana) of the subfamily Gyponinae and 
6 new species (Fuminana falcifera n. sp., F. abana n. sp., F. extata n. sp., Barbatana extera n. sp., B. falcata 
n. sp. and B.alaba n. sp.), all from Venezuela, are described and illustrated 


INTRODUCTION 


The 3 genera described in this paper are 
being separated from the very large and con- 
glomerate genus Scaris, which, for many years, 
has contained all the very large round-headed 
gyponine leafhoppers (1, 2). The following key 
separates these genera. 


KEY TO THE SCARIS COMPLEX 


1. Metatibia with outer row of setae with sev- 
eral smaller setae between macrosetae 
on ee ee Scaris Le Peletier and Serville 
1’. Metatibia with outer row of setae contain- 
ing only macrosetae ................2-. 2 
Male genital plates clothed with a large 
brush of hair-like setae (on undissected 
specimens plates not visible because of these 
hairs). Largest light spot on forewing in cell 
proximal to first crossvein 
2’. Male genital plates normal, with only a few 
short setae (on undissected specimens plates 
easily seen). Largest creamy spot on fore- 


i) 


! This paper is published with the approval of the di- 
rector of the Kentucky Agricultural Experiment Station 
as journal article no. 88-7-217. Accepted for publication 


14 October 1988. 


wing in cell between first and second cross- 
vein (Fig. 10) ........ Fuminana new genus 

3. Head with distinct anterior margin, which 

is slightly upturned at apex (Fig. 4) ..... 
SE Eaton eta ere aoe Villosana new genus 

3’. Head with indistinct anterior margin, which 

is not upturned (Fig. 7) .............-. 


Genus Fuminana new genus 


Head bulbous, margin of crown rounded to 
face (Figs. 1, 2). Pronotum wider than head, 
convexly rounded (head appears below prono- 
tum). Forewing with normal venation, al- 
though a few incomplete crossveins mostly in 
claval area (Fig. 10). Body overall robust. Hind 
tibia with outer row of setae made up of only 
primary setae. Color brown to dark brown, 
with some small creamy spots in cells of fore- 
wing. Largest spot being between crossveins. 
Male genitalia usually with pygofer without 
processes; plates long; style with a subapical 
tooth or serrated edge; aedeagus tubular with 
a pair of small apical processes. 

Type species: Clinonaria ingula DeLong and 
Freytag. 

This genus is fairly easily separated from 
the other genera of the Scaris complex by its 
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Fics. 1-10. External characteristics. Fuminana falcifera n. sp.: 1. Lateral view of head, pronotum and scutellum. 2. 
Dorsal view of head, pronotum and scutellum. 3. Face. Villosana crina (DeLong and Freytag): 4. Lateral view of head, 
pronotum and scutellum. 5. Dorsal view of head, pronotum and scutellum. 6. Face. Barbatana falcata n. sp.: 7. Lateral 
view of head, pronotum and scutellum. 8. Dorsal view of head, pronotum and scutellum. 9, Face. Fuminana abana 
n. sp.: 10, Forewing (showing largest spot). All drawn to the same scale, line equals | mm. 


rather dark brown color and the largest of the 
creamy spots between the basal crossveins of 
the forewing. The male genital structures, of 
the species known so far, also appear to be very 
similar with a long tubular aedeagus with small 
apical processes, and a simple pygofer. 


SPECIES OF FUMINANA 


abana n. sp. Venezuela. 
astra (DeLong and Freytag), 1969:167 (Cli- 
nonaria). Peru. New combination. 


callida (DeLong and Freytag), 1969:176 (Cli- 
nonaria). Brazil. New combination. 

conspicua (DeLong and Freytag), 1969:179 
(Clinonaria). Peru. New combination. 

curra (DeLong and Freytag), 1969:166 (Cli- 
nonaria). Bolivia, Peru. New combination. 

extata n. sp. Venezuela. 

falcifera n. sp. Venezuela. 

ingula (DeLong and Freytag), 1969:166 (Cli- 
nonaria). Ecuador, Peru, Venezuela. New 
combination. 
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jaculum (DeLong and Freytag), 1969:164 
(Clinonaria). Peru. New combination. 

lira (DeLong and Freytag), 1969:167 (Clino- 
naria). Bolivia, Brazil, Ecuador, Paraguay, 
Peru. New combination. 

marita (DeLong and Freytag), 1969:168 (Cli- 
nonaria). Brazil. New combination. 

metra (Freytag and DeLong), 1982:6 (Scaris). 
Guyana. New combination. 

saga (Freytag and DeLong), 1982:6 (Scaris). 
French Guiana. New combination. 

serosa (DeLong and Freytag), 1969:178 (Cli- 
nonaria). Bolivia, Peru. New combination. 

setigera (DeLong and Freytag), 1969:179 (Cli- 
nonaria). Brazil. New combination. 

setosa (DeLong and Freytag), 1969:172 (Cli- 
nonaria). Brazil. New combination. 

signa (DeLong and Freytag), 1969:167 (Cli- 
nonaria). Bolivia. New combination. 

superba (DeLong and Freytag), 1969:178 (Cli- 
nonaria). Peru. New combination. 

taenia (Freytag and DeLong), 1982:7 (Scaris). 
Brazil. New combination. 


Fuminana falcifera new species 
(Figs. 1-3, 11-15, 41) 


Length of male 12.8 mm; females 14-14.1 
mm. 

Similar to curra in size and shape. Crown 
broadly rounded to face, more than 3 times as 
wide between eyes as median length (Figs. 1- 
3). 
Overall color brown, with many minute dark 
punctate spots, especially head and pronotum. 
Forewings dull rusty brown with pale creamy 
spots in cells, largest one almost rectangular 
and between basal crossveins. 

Male genitalia: aedeagus tubular with a small 
diamond shaped, almost transparent, expan- 
sion at apex, and a small pair of subapical 
ventral processes (Figs. 11, 12). Style slender, 
curved laterad, pointed at apex, with a sub- 
apical tooth and fine serrations basal to tooth 
on outer margin (Fig. 13). Genital plate long, 
somewhat triangular, with a slight lateral ex- 
pansion near base (Fig. 14). Pygofer nearly 
truncate with an evenly rounded apex (Fig. 
15). 

Female genitalia: seventh sternum wider 
than long, posterior margin greatly excavated 
between pointed lateral angles, median slight- 
ly produced with three small teeth (Fig. 41). 

Holotype male: Venezuela, S. de Luna, 1,200 


m, May 1983, Gadou Leg. Allotype female: 
Venezuela, El Dorado, Bolivar, km 86, 26 Feb- 
ruary 1979, Gadou Leg. Paratype female: Ven- 
ezuela, Salto Para, R. Caura, Bolivar, 25 No- 
vember 1978, Gadou Leg. Holotype and 
allotype in the University of Central Vene- 
zuela Collection, and paratype in the Univer- 
sity of Kentucky Collection. 

The male of this species is quite distinct from 
the other species of this genus on the basis of 
the genital structures. The females are asso- 
ciated by the same color pattern and coming 
from the same area. 


Fuminana abana new species 
(Figs. 10, 16-20, 43) 


Length of male 12.5 mm; female 14.5 mm. 

Similar to falcifera, only slightly smaller. 
Crown broadly rounded to face, more than 3 
times as wide and median length. 

Color similar to falcifera except slightly 
lighter brown. 

Male genitalia: aedeagus tubular, without 
apical processes, apex lightly sclerotized and 
somewhat expanded (Figs. 16, 17). Style slen- 
der, curved laterad, with a subapical tooth on 
outer margin (Fig. 18), Genital plate long, tri- 
angular, nearly pointed at apex (Fig. 19). Py- 
gofer robust, evenly rounded at apex. 

Female genitalia: seventh sternum wider 
than long, posterior margin concavely exca- 
vated between rounded lateral angles, median 
with a U-shaped emargination (Fig. 43). 

Holotype male: Venezuela, El Bochinche, 
Res. Forestal Imataca, Bolivar, 200 m, 6-15 
December 1974, Expedicion Instituto Zoologia 
Agricola, Fac. Agronomia, U.C.V. Allotype fe- 
male: Same data as holotype. Both types in the 
University of Central Venezuela Collection. 

This species is easily separated by both male 
and female genital structures from other species 
known to occur in Venezuela. 


Fuminana extata new species 
(Figs, 21-25) 

Length of males 12.5-12.9 mm; female un- 
known. 

Similar to falcifera in overall size and color. 

Male genitalia: aedeagus tubular, apical half 
laterally compressed, a pair of subapical lateral 
processes which extend slightly beyond apex 
(Figs. 21, 22). Style slender, curved laterally, 
large serrations apically and smaller serrations 
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Fics. 11-25. 


Male genitalia. Fuminana falcifera n. sp., holotype: 11. Ventral view of aedeagus. 12. Lateral view of 


aedeagus. 13. Ventrolateral view of style. 14. Ventral view of genital plate. 15. Lateral view of pygofer. Fuminana 
abana n. sp., holotype: 16. Ventral view of aedeagus. 17. Lateral view of aedeagus. 18. Ventrolateral view of style. 19. 
Ventral view of genital plate. 20. Lateral view of pygofer. Fuminana extata n. sp., holotype: 21. Ventral view of 
aedeagus. 22. Lateral view of aedeagus. 23. Ventrolateral view of style. 24. Ventral view of genital plate. 25. Lateral 
view of pygofer. All drawn to the same scale, line equals 1 mm. 


subapically on outer margin, without subapical 
tooth (Fig. 23). Genital plate long nearly par- 
allel sided, bluntly pointed at apex (Fig. 24). 
Pygofer narrowing to a bluntly pointed apex 
(Fig. 25). 

Holotype male: Venezuela, El Playon, Rio 
Caura, Bolivar, 23 November 1978, A. Chacon 
Co). Paratype male: Venezuela, Rio Surukum, 
Carretera Sta. Elena Icabara, Bolivar, 850 m, 
19-31 January 1985, F. Fernandez Y., Anibal 
Chacon and Jurg Demarmels Cols. Both types 


in the University of Central Venezuela Col- 
lection. 

This species can be separated from other 
members of the genus by the laterally com- 
pressed apical end of the male aedeagus. 


Fuminana sp. 
(Fig. 42) 
Length of females 15-16 mm. 
Three female specimens are on hand which 
cannot be placed with certainty with any one 
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Fics. 26-40. Male genitalia. Barbatana extera n. sp., holotype: 26. Ventral view of aedeagus. 27. Lateral view of 
aedeagus. 28. Ventrolateral view of style. 29. Ventral view of genital plate. 30. Lateral view of pygofer. Barbatana 
falcata n. sp., holotype: 31. Ventral view of aedeagus. 32. Lateral view of aedeagus. 33. Ventrolateral view of style. 
34. Ventral view of genital plate. 35. Lateral view of pygofer. Barbatana alaba n. sp., holotype: 36. Ventral view of 
aedeagus. 37. Lateral view of aedeagus. 38. Ventrolateral view of style. 39. Ventral view of genital plate. 40. Lateral 
view of pygofer. All drawn to the same scale, line equals 1 mm 


of the described species. These are all from the 
state of Bolivar, Venezuela and in the Univer- 
sity of Central Venezuela Collection. All 3 have 
the same genitalic structure (Fig. 42). Since 
several other species are already known from 
nearby areas these may represent the female 
of one of these species, or these may represent 
a new species. Further collecting in this area 
should ultimately resolve the placement of this 
female. 


Genus Villosana new genus 


Head with a distinct margin which is up- 
turned medially (Figs. 4, 5). Pronotum wider 
than head, convexly rounded. Forewing with 
regular venation as in Fuminana. Body overall 
robust. Hind tibia with outer row of setae made 
up of only primary setae. Color dark brown to 
black, with only obscure markings. Male gen- 
italia with pygofer without processes; plates 
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long, clothed with fine hair-like setae; style 
with large spine on ventral medial margin; 
aedeagus short, tubular. 

Type species: Clinonaria crina DeLong and 
Freytag. 

This genus is only known from the type 
species, which has a very striking anterior mar- 
gin to the head. It is the darkest brownish black 
of any group in the Scaris complex. This genus 
shares with the next genus 2 characters, the 
mass of hair-like setae on the genital plate and 
the largest spot (difficult to see) before the first 
crossvein of the forewing. 


Villosana crina (DeLong and Freytag) 
new combination 
(Fig. 44) 
Clinonaria crina DeLong and Freytag, 1969: 

156 

Length of male 13.5 mm; female 16 mm. 

This species was known only from one male 
from Guyana. A female from Venezuela can 
now be added and described. 

Female genitalia: seventh sternum wider 
than long, posterior margin excavated between 
rounded lateral angles, median with V-shaped 
emargination (Fig. 44). 

Specimen seen: Venezuela, S. de Luna, 1,200 
m, May 1983, Gadou Leg., in the University 
of Central Venezuela Collection. 


Genus Barbatana new genus 


Head with a slight margin, crown twice as 
wide as median length (Figs. 7, 8). Pronotum 
wider than head, convexly rounded. Forewing 
with normal venation, similar to Fuminana. 
Body robust. Hind tibia with outer row of setae 
made up of only primary setae. Color brown 
to dark brown, with some small creamy spots 
in cells of forewing. Largest spot being before 
the first crossvein. Male genitalia usually with 
a simple pygofer with at most a small process 
between it and anal tube; plates long with a 
mass of long hair-like setae; style usually knife- 
like; aedeagus with a pair of lateral processes. 

Type species: Clinonaria lecta DeLong and 
Freytag. 

This genus looks much like the genus Fu- 
minana in overall appearance, but has the 
largest spot on the forewing basad of the first 
crossvein. This difference and the large mass 
of hairs on the male genital plates, which is 


missing in Fuminana, will easily separate these 
2 genera. 


Species of Barbatana 


alaba n. sp. Venezuela. 

cirra (DeLong and Freytag), 1969:158 (Cli- 
nonaria). French Guiana, Guyana, Vene- 
zuela. New combination. 

confusa (DeLong and Freytag), 1969:160 (Cli- 
nonaria). Peru. New combination. 

extera n. sp. Venezuela. 

falcata n. sp. Venezuela. 

lecta (DeLong and Freytag), 1969:162 (Cli- 
nonaria). Brazil, Colombia. New combina- 
tion. 

narda (DeLong and Freytag), 1969:164 (Cli- 
nonaria). Ecuador, Peru. New combination. 

notha (DeLong and Freytag), 1969:160 (Cli- 
nonaria). Peru. New combination. 

sagula (DeLong and Freytag), 1969:160 (Cli- 
nonaria). Bolivia. New combination. 


Barbatana extera new species 
(Figs. 26-30, 46) 


Length of male 13.4 mm; female 14.5 mm. 

Similar to cirra in general size and shape. 
Crown similar to falcata with slight anterior 
margin, over twice as wide between eyes as 
median length. 

Overall color brown, with some lighter and 
darker markings. Crown mostly brown, with 
at most a small yellow spot behind each ocellus. 
Pronotum yellow, lateral third with light brown 
punctures, median two thirds heavily punc- 
tured with dark brown. Forewings brown, with 
indistinct small creamy yellow spots, largest 
spot just basal to first crossvein. 

Male genitalia: aedeagus tubular, with pair 
of lateral processes, length of shaft and flaring 
laterad (Figs. 26, 27). Style blade-like, widest 
near middle, curving dorsad, with pointed apex 
(Fig. 28). Genital plate long, narrow, thickened 
along lateral margin (Fig. 29), lateral margin 
covered with a brush of long hair-like setae. 
Pygofer truncate, rounded at apex, with a small 
dorsal process between pygofer and anal tube 
(Fig. 30). 

Female genitalia: seventh sternum nearly 
same length as width, posterior margin round- 
ed witha large U-shaped median emargination 
(Fig. 46). 

Holotype male: Venezuela, El Pao, Bolivar, 
27 December 1974, Gadou Leg. Allotype fe- 


New SouTH AMERICAN LEAFHOPPER SPECIES—Freytag 
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Fics. 41-46. Female seventh sternum. 41. Fuminana falcifera n. sp., allotype. 42. Fuminana sp. from Venezuela 
43. Fuminana abana n. sp., allotype. 44. Villosana crina (DeLong and Freytag), from Venezuela. 45. Barbatana falcata 
n. sp., allotype. 46. Barbatana extera n. sp., allotype. All drawn to the same scale, line equals 1 mm 


male: Venezuela, Akurinam, Rio Caroni, Bo- 
livar, 5°20'N, November 1940, P. Anduze Leg. 
Both types in the University of Central Ven- 
ezuela Collection. 

This species can be separated from the known 
species of this genus by the processes of the 
male aedeagus flaring laterad. 


Barbatana falcata new species 
(Figs. 7-9, 31-35, 45) 
Length of male 13 mm; female 14.5 mm. 
Similar to extera in size and shape, head and 
pronotum as in Figures 7-9. Color dark brown. 


Differs from extera in both male and female 
genitalia. 

Male genitalia: aedeagus tubular, with a pair 
of lateral processes, just shorter than shaft (Figs. 
31, 32). Style blade-like, narrowed at two thirds 
length (Fig. 33). Genital plate long, narrow, 
greatly thickened along lateral margin (Fig. 
34), with a large brush of hair-like setae. Py- 
gofer greatly rounded at apex, with a process 
between pygofer and anal tube (Fig. 35). 

Female genitalia: seventh sternum slightly 
wider than long, posterior margin rounded with 
a large truncate emargination (Fig. 45). 

Holotype male: Venezuela, Sn. Pedro de Ca- 
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taniapo, T. F. Amazonas, 100 m, 23-27 August 
1981, En la Luz, J. L. Garcia Col. Allotype 
female: Same data as holotype. Both types in 
the University of Central Venezuela Collec- 
tion. 

The genitalia of this species are closest to 
cirra, but the male style narrows and recurves 
beyond middle, which does not occur in cirra, 
and the female seventh sternum has the me- 
dian of the emargination of the posterior mar- 
gin U-shaped, which is V-shaped in cirra. 


Barbatana alaba new species 
(Figs. 36-40) 

Length of male 14.8 mm; female unknown. 

Similar to extera, except larger and darker 
brown; male genitalia closer to narda. 

Male genitalia: aedeagus tubular, with api- 
cal third of shaft expanded and bulbular; lat- 
eral processes extend dorsal to shaft, thin, wi- 
der in middle and pointed at apex (Figs. 36, 
37). Style bulbous, expanded from near middle 
to near hooked apex (Fig. 38). Genital plate 
long, twisted from near middle to apex (Fig. 
39), with a large brush of hair-like setae along 


lateral margin. Pygofer long and_ broadly 
rounded apically (Fig. 40). 

Holotype male: Venezuela, Kanarakuni, Bo- 
livar, 450 m, 31 January 1967, F. Fernandez 
Y. and A. D. Ascoli Cols., in the University of 
Central Venezuela Collection. 

This species is closely related to narda, and 
can be separated by the style being hooked 
apically and the processes of the aedeagus being 
wider medially. 
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Distributional Records for Exotic Mollusks in 
Kentucky with New State Records 


BRANLEY ALLAN BRANSON, DONALD L. BATCH, JOHN MACGREGOR,! 
AND STEPHEN RICE? 


Department of Biological Sciences, Eastern Kentucky University, 
Richmond, Kentucky 40475 


ABSTRACT 
Polygyra cereolus, Subulina octona and Vaginula krausi are reported from Kentucky greenhouse situations 
and Oxychilus draparnaldi from nature. Kentucky distribution records are discussed for Cepaea nemoralis, 
Deroceras reticulatum, Limax maximus and Corbicula fluminea. Arion hortensis is reported from Virginia 


and Tennessee. 


INTRODUCTION 


Exotic terrestrial and aquatic gastropods are 
often slighted by regional investigators, par- 
ticularly species that are more or less restricted 
to greenhouses and other controlled environ- 
ments such as those simulating tropical con- 
ditions, mostly associated with shopping malls 
and motel and hotel swimming pools with sun 
roofs and gardens. All of these situations utilize 
various types of imported tropical and sub- 
tropical vegetation, including quantities of soil 
around the roots and the organisms associated 
therewith. Importation is a relatively common 
vehicle for the introduction of exotic mollusks 
from diverse centers of origin. Some of these 
mollusks, particularly zonitids and slugs, often 
escape into the surrounding environment where 
they may or may not become pests. 

Such introductions have often occurred in 
Kentucky (1, 2, 3, 4). A number of mollusks, 
heretofore unreported from the Common- 
wealth, are reported here and new information 
is supplied on the ranges of several previously 
reported species. 


ANNOTATIONS 


Polygyra cereolus (Mihlfeld). Heretofore 
unknown from Kentucky, this southern U.S. 
species was discovered in October 1980 thriv- 
ing in the rooftop greenhouse of Moore Science 
Building, Eastern Kentucky University, Rich- 
mond, Madison County, Kentucky. A sample 
of 26 specimens (EKU 11847) was secured for 


' KDFWR Nongame Wildlife Program, #1 Game Farm 
Road, Frankfort, Kentucky 40601. 
* Kentucky Transportation Cabinet. 


museum purposes. Since various botanists and 
students periodically bring plant materials from 
Florida and South Carolina for deposition in 
the greenhouse teaching collection, the origi- 
nal source of the snails seems obvious. Thus 
far, the snails have not posed any serious prob- 
lems to plants under our care. 

Vaginula krausi Semper. The junior au- 
thors collected several specimens of this odd 
South American species from a controlled trop- 
ical room and swimming area at a Ramada Inn 
in Louisville, Jefferson County, and from the 
enclosed plant area of Fayette Mall, Lexington, 
Fayette County in September 1980. Two large 
specimens were deposited in the Eastern Ken- 
tucky University museum (EKU 11859). In 
their native range, vaginulid slugs are some- 
times serious agricultural pests. The species has 
not been previously reported from Kentucky. 

Subulina octona (Bruguiére). Three speci- 
mens (11.0-11.5 mm in length) of this tropical 
snail were secured by MacGregor from the 
Ramada Inn in Louisville, another new record 
for Kentucky. All 3 specimens contained 3 to 
5 round, white eggs, indicating the probability 
of on-going populations. 

Oxychilus draparnaldi (Beck). The Blue 
Grass section of Kentucky is surfeited with stone 
walls, often called “slave fences,” and these 
structures create a moisture-retaining habitat 
for many land snails. In searching through such 
a wall in the vicinity of 407 Broadway, Frank- 
fort, Franklin County, MacGregor discovered 
a thriving population of Oxychilus draparnal- 
di, a species heretofore unreported from Ken- 
tucky. A sample of 4 specimens (EKU 11846) 
had diameters of 10.5 to 14.5 mm. 
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Cepaea nemoralis (Linnaeus). Previously 
reported from Lexington, Kentucky by Bran- 
son and Batch (3), this species was also discoy- 
ered in Frankfort in the previously mentioned 
stone walls; MacGregor also observed the 
species in Jessamine County near the Kentucky 
River, although he did not obtain specimens. 
The population in Frankfort, as reflected by 8 
mature specimens (EKU 11844), consists most- 
ly of yellow-shelled individuals with brown 
peristomes and a single narrow band just above 
the periphery. By contrast, the population in 
Lexington, based upon a sample of 57 indi- 
viduals (EKU 11845) collected from a gravel 
parking lot near Patchen Village, exhibits yel- 
low, brown and pink shells. Some of the yellow 
ones are like those from Frankfort, whereas 
others have 1 narrow band above and a very 
broad one below or 1 broad band above and 
below the periphery. Some of the brown or 
pink shells are without bands, whereas others 
have 1 band above and | below the periphery. 
These observations seem to indicate that the 
population in Frankfort resulted from a single 
introduction at that site, whereas the one in 
Lexington may indicate either multiple intro- 
ductions or the introduction of a fairly large 
original lot of individuals of mixed genotype. 

Deroceras reticulatum (Muller). One typi- 
cal specimen of this widespread exotic mollusk 
was collected from a grassy plot at the junction 
of U.S. highways 60 and 127, Franklin County, 
Kentucky (23 October 1980). 

Limax maximus Linnaeus. Unlike many 
other areas in the interior of the United States, 
Kentucky appears to be more abundantly sup- 
plied with L. maximus than with L. flavus. 
The following mature specimens were se- 
cured: 1 (10 September 1980) from a flower 
garden, 107 Goodrich Avenue, Lexington, 
Fayette County; 5 (23 September 1980) from 
a lawn, Nicholasville, Jessamine County; 1 (6 
October 1980) from a lawn, Madisonville, 
Hopkins County; and 1 (6 October 1980) from 
a garden, Whitley City, McCreary County. 

Arion hortensis Ferussac. One mature spec- 
imen (EKU 11832) of this European exotic was 
collected on 11 September 1980 by Mr. Skip 
Call approximately 1.5 km from the Virginia— 


North Carolina state line in Grayson County, 
Virginia, and a second specimen was found 
beneath a garbage can at the Chimney Tops 
picnic area, Great Smoky Mountains National 
Park, Tennessee by MacGregor in mid-Sep- 
tember 1980. 

Corbicula fluminea (Muller). We follow 
Britton and Morton (5) in assigning the specific 
epithet. The sites from which we collected 
specimens in Kentucky are: (1) Little South 
Fork of the Cumberland River at river mile 
7.9, McCreary County, 26 October 1980; (2) 
same stream at the mouth of Carder Creek, 
McCreary County, 26 October 1980; (3) same 
stream at SR 92, McCreary County, 26 October 
1980; (4) same stream, river mile 5.4, Mc- 
Creary County, 27 October 1980; (5) Rolling 
Fork of Salt River, Raywick, Marion County, 
13 October 1980; (6) Rockcastle River at SR 
80, Laurel County, 10 July 1971; (7) Rockcastle 
River at SR 490, Laurel-Rockcastle county line, 
23 April 1978; (8) Rockcastle River at CR 1921, 
Laurel County, 9 July 1968; (9) Wolf Lick 
Creek (Pond River drainage) at SR 107, Logan 
County, 19 April 1970. 

At the Little South Fork of the Cumberland 
River sites, Rolling Fork of the Salt River, and 
at Wolf Creek, the bottom of the streams was 
literally paved with living and dead Corbicula. 
Extensive searching failed to disclose native 
sphaeriid clams. It appears that the exotic has 
eliminated these species, although the larger 
naiads appear to be unharmed. This observa- 
tion, of course, will have to be verified. 
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Effects of Stocking Size and Density on Winter Trout 


Culture in Cages in Kentucky 


MICHAEL C. CREMER! AND STEVEN D. Mims 


Community Research Service, Kentucky State University, 
Frankfort, Kentucky 40601 


ABSTRACT 


Production of rainbow trout (Salmo gairdneri) in cages was evaluated for use in aquacultural double 


cropping in Kentucky. Trout production in cages with 15-cm and 20-cm fingerlings at densities of 320/m°, 
480/m°, 640/m° and 960/m° indicated best production performance with 20-cm fingerlings at densities of 
320/m° and 640/m°. Mean harvest weights were 187-198 g for these treatments. Survival was 91.6-98.6% 
for all treatments tested. Trout may provide winter fish culture opportunities for Kentucky farmers 


INTRODUCTION 


Rainbow trout have been examined as a suit- 
able winter species for aquacultural double 
cropping in many southern states. Early studies 
in Alabama (1, 2), Louisiana (3) and Mississippi 
(4) evaluated the feasibility of producing rain- 
bow trout in static water ponds with variable 
success. Problems encountered were poor fish 
survival and feed conversion and significant 
growth variability. Later pond and cage cul- 
ture studies by Newton (5), Jensen (6), Flynn 
(7) and Hansen (8) demonstrated improved 
production feasibility, although limited dura- 
tion of the southern winter growing season and 
poor feed conversions continued to negatively 
affect economic viability, particularly for cage 
culture. 

Meteorological records for Kentucky indi- 
cate a production season of sufficient duration 
(180-200 days) for producing marketable trout, 
depending on the severity of winter temper- 
atures. The objectives of these studies were to 
evaluate the feasibility of culturing rainbow 
trout in cages for use in aquacultural double 
cropping in Kentucky and to examine various 
stocking densities, stocking sizes and feed ra- 
tions. 


MATERIALS AND METHODS 


Rainbow trout production studies were con- 
ducted over a 2-year period from November 
1983 to May 1985. In 1983, 51-g and 82-g trout 
fingerlings were stocked in 1.25-m* floating 


' Present address: USAID Jakarta, Indonesia, Agency for 
International Development, Washington, D.C. 20523 
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cages at densities of 640 and 960 fish per m°. 
Fish were purchased from a raceway trout pro- 
ducer in Kentucky and had been pre-graded 
into approximately 15-em and 20-cm_ size 
groups. Cages were constructed of 1.3-cm 
extruded plastic screen attached to 1.2-m gal- 
vanized steel hoops and floated with 15-cm- 
diameter PVC sponge floats. Cages were cy- 
lindrical and were 1.2 m in diameter and depth. 
Cages were anchored individually in deep 
water with concrete blocks and randomly po- 
sitioned by treatment groups in a 1.8-ha farm 
pond. Fish were fed a 40% protein sinking 
trout food twice daily, 7 days per week, weath- 
er and ice conditions permitting. Rations were 
given as a percentage of body weight based 
on water temperature and fish size (Table 1). 
Fish weight was adjusted weekly based on an 
assumed feed conversion rate of 1.5 and read- 
justed after monthly samplings for fish growth. 
Duration of the study was 184 days, from 5 
November 1983 to 6 May 1984. At the end of 
the study all fish were weighed and approxi- 
mately 25% of the fish in each cage counted 
to compute mean fish weight. 

In 1984, 50-g trout fingerlings were stocked 
in 1.25-m?° floating cages at a density of 320 
fish per m°, and 94-g trout fingerlings were 
stocked in 1.25-m® floating cages at densities 
of 320, 480 and 640 fish per m°. Fish were 
purchased from raceway trout producers in 
Kentucky and had been pre-graded into ap- 
proximately 15-cm and 20-cm size groups. 
Cages were those used in the 1983 study. Cages 
were secured toa 1.2-m X 19.5-m floating pier 
anchored offshore in a 1.18-ha farm pond. 
Treatment replications were randomly as- 


12 


TABLE 1. 
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Daily feeding rates for rainbow trout in cages, Frankfort, Kentucky. Feed quantity was computed as a 


percentage of fish body weight in correlation with fish size and water temperature 


Water temperature (°C) 


Fish weight Fish size 
(g) (cm) 4.4-7.2 7.8-8.9 9.4-10.6 11.1-12.2 12,8-13.9 14.4-15.6 16.1-17.2 
Per cent body weight per day 
45 15.2 1.6 1:9. 2.1 2.3 2.4 2.5 2.8 
57 17.2 1.5 et 1:9 2.2 2.3 2.4 2.7 
65 17.8 1.4 1.7 1.8 2.1 2.2 2.3 2.6 
76 18.4 1.3 1.6 1.7 2.0 2.1 2.2 2.5 
91 194 1.2 5 1.6 1.8 129 2.0 2.3 
113 21.0 i 1.4 1.5 AE 1.8 1.0 2.2 
151 24.1 1.0 1.8 1.4 1.6 By 18 2.0 
227 26.7 0.9 2 1.3 1.5 1.6 legs 1.8 
454 33.0 0.9 0 1.2 1.3 l4 1.5 1.6 


signed around the perimeter of the pier. Fish 
of both sizes and at all densities were fed a 
40% protein sinking trout feed twice daily, 7 
days per week, weather and ice conditions per- 
mitting. Rations were given as a percentage of 
body weight based on water temperature and 
fish size (Table 1). In addition, 1 treatment of 
94-g fish at the 320/m° density was fed a 40% 
floating trout feed on the same regime as those 
receiving the sinking feed. Fish weight was 
adjusted every 2 weeks based on assumed feed 
conversion rate and readjusted after monthly 
fish samplings. Duration of the study was 171 
days, from 2 November 1984 to 21 April 1985. 
At the end of the study all fish were weighed, 
counted and sorted by size. Fish were sorted 
into small, medium and large categories with 
1.90-em and 2.45-cm aluminum bar graders. 

Trout stocked in cages in 1985 were diag- 
nosed shortly after stocking to be infected with 
Yersinia ruckeri (Enteric Redmouth Disease— 
ERM). Fish were placed on a medicated feed 
for 15 days post-stocking; however, significant 
fish losses occurred during the first 4 weeks 
post-stocking. Fish lost during this period were 
replaced with fish of equal size and the study 
restarted on 28 November 1985. 


RESULTS 
Cage Culture Production 
1984 


In 1984, the best performance was obtained 
by the 20-cm fingerling group at a density of 
640 per m®, with a mean harvest weight of 198 
g. Net gain for this group was 116 g per fish, 
or approximately 0.63 g per day. Fish were 
fed 295 of 368 scheduled feedings during the 


184-day production period. Cancelled feed- 
ings resulted from low water temperature and/ 
or adverse ice conditions. 

Density was a significant factor in growth 
for both size groups. There was a significant 
difference (P < 0.05) in mean harvest weight 
of 15-cm fingerlings reared at densities of 640 
and 960 per m°®, with the lower density out- 
performing the higher density by 24% (161 g 
vs. 129 g) (Table 2). There was also a significant 
difference (P < 0.05) in the mean harvest 
weight of 20-cm fingerlings at the same den- 
sities, with the lower density outperforming 
the higher density by 15% (198 g vs. 172 g) 
(Table 2). There were significant differences 
(P < 0.05) in 15-cm and 20-cm groups stocked 
at the same densities, with the larger size group 
significantly outperforming the smaller group 
at both densities tested (Table 2). There was 
no significant difference, however, in mean 
harvest weight between the low density (640/ 
m?’) 15-cm group and the high density (960/ 
m°) 20-cm group. 

Net production per cage averaged 88.7 kg 
for all treatments. There were no significant 
differences in net production among any of 
the treatments (Table 2). Feed conversion ratio 
was poor for all treatments and ranged from 
2.3:1 to 3.4:1 (Table 2). There was a direct 
correlation between feed conversion and den- 
sity, with the lower stocking densities of both 
cm groups having significantly better feed con- 
versions than their corresponding higher den- 
sity groups. The lowest feed conversion ratio 
was 2.3:1 for the 15-cm =< 640/m° treatment, 
though this was not significantly different from 
the conversion ratio of 2.5:1 for the 20-cm x 
640/m° treatment. Survival ranged from 91.6% 
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TABLE 2 
Frankfort, Kentucky.! 


Treatment Mean harvest Gross production 
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Summary of rainbow trout production performance in 1.25-m® floating cages for winter of 1983/1984, 


Net production 
(kg) 


(fish/m®*) weight (g) (kg) FCR* Per cent survival 
640 x 15 cm 161b 125.4a 81.8a 2.3:la 97.4b 
960 x 15 cm 129 a 150.9 b 92.4a 2.8:1 b 97.1b 
640 x 20 cm 198 ¢ 153.2 b 88.9 a 2.5:1 a,b 96.6 b 
960 x 20 cm 172b 189.9 ¢ 91.7a 3.4.1 ¢ 91.6a 


‘Column figures followed by same letter are not significantly different (P 
* Feed conversion ratio 


to 97.4% (Table 2). Survival was poorest in the 
20-cm x 960/m° treatment and was signifi- 
cantly different from all other treatments. 


1985 


In 1985, best performance was obtained by 
the 20-cm fingerling groups stocked at 320 fish/ 
m®*. Floating and sinking feed treatments with 
this size-density group had mean harvest 
weights of 191 g and 187 g, respectively. Net 
gains for these treatments were 97 g and 94 g 
per fish, respectively, or approximately 0.55 g 
per day. Fish were fed 260 of 342 scheduled 
feedings during the 171-day production peri- 
od; cancelled feedings resulted from low water 
temperature and/or adverse ice conditions. 
Density had a significant effect upon mean 
harvest weight, with 20-cm fish at the 320/m° 
density outperforming fish at the 480/m° and 
640/m° densities (Table 3). There were no dif- 
ferences in mean harvest weight between the 
480/m° and 640/m° densities. As in 1984, 20- 
cm fish at all densities tested significantly out- 
performed 15-cm fish tested. 

Net cage production per treatment ranged 
from 28.7 kg to 41.4 kg, with a per cage av- 
erage of 34.2 kg for all treatments (Table 3). 
Net production was significantly different (P 
< 0.05) between the 15-cm x 320/m° and 20- 
cm X 320/m° sinking feed treatments and all 


TABLE 3 
Frankfort, Kentucky. ! 


> 0.05) 


other treatments (Table 3). There were no dif- 
ferences in net production between the 320/ 
m?° float, 480/m* and 640/m®* treatments. 

Feed conversion ratio was poor for all treat- 
ments, ranging from 2.3:1 to 4.4:1 (Table 3). 
Best feed conversion was obtained by the 15- 
cm group at the 320/m®* density. Although 
weight gain was not significantly different be- 
tween fish fed floating and sinking feeds at the 
320/m° density, feed conversion ratio was sig- 
nificantly better with the floating feed (2.5:1 
vs. 3.4:1). There was no difference in feed con- 
version between the 320/m° and the 480/m* 
treatments fed sinking feed. Poorest feed con- 
version was obtained at the 640/m° density 
with 20-cm fish. Mean survival for all treat- 
ments was 95.7%. Survival ranged from 94.1% 
to 98.6%, with no significant differences be- 
tween treatments (Table 3). 

Highest percentage of large fish at harvest 
was obtained in the lowest density treatments 
with the 20-cm size group. Yields were ap- 
proximately 70% and 67% large fish, respec- 
tively, for the sinking and floating feed treat- 
ments at the 320/m®° density with 20-cm fish 
(Table 4). At the 480/m° and 640/m° densities 
with 20-cm fish, only 41% and 56% of the fish 
graded into the large category, respectively. 
Small, runt fish composed a small proportion 
of the harvest in all treatments (Table 4). Grad- 


Summary of rainbow trout production performance in 1,25-m® floating cages for winter of 1984/1985, 


Treatment Mean harvest Gross production Net production 

(fish/m?) weight (g) (kg) (kg) FCR? Per cent survival 
320 * 15 cm, sink 123:a 48.6a 28.72 2.3514 98.6 a 
320 =x 20 em, sink 187c¢ 70.8 b 29.3a 3.4:1b 95.04 
320 x 20 cm, float 19l¢ 73.7 b,c 87.1b 2.5:la 96.5 a 
480 x 20 cm, sink 152b 85.9 35.8 b 3.4:1b 94.1 a 
640 = 20 cm, sink 161b 121.7d 41.4b 44:1 ¢ 94.3.a 


‘Column figures followed by same letter are not significantly different (P > 0.05) 


* Feed conversion ratio 
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TABLE 4 
bow trout harvested from varying production treatments 
in 1,25-m® floating cages in 1985, Frankfort, Kentucky 
Fish were sorted into size categories with 48/64 and 62/ 
64 aluminum bar graders.! 


Percentages of small, medium and large rain- 


Per cent fish by size category 


Treatment Small Medium Large 

(fish/m*) (53 g) (129 g) (195 g) 
320/m* x 15 cm, sink 3.3¢ 88.2¢ 85a 
320/m® x 20 cm, sink 06b 292a 70.2¢ 
320/m* x 20 cm, float 0.0a 82.6a 67.4¢ 
480/m° x 20 cm, sink 15b 57.6b 40.9 b 
640/m° =x 20 cm, sink 13b 42.6a 56.1¢ 


‘Column figures followed by same letter are not significantly different (P 


> 0.05) 


ed fish averaged 53 g for the small category, 
129 g for the medium category and 195 g for 
the large category. 

Production performance of caged fish in all 
1985 cage studies was adversely affected by 
chronic infection with Yersinia ruckeri bac- 
teria. Caged trout were treated with medicated 
feed for 10-15-day intervals on 2 occasions to 
control ERM. ERM infection may have ac- 
centuated density effects, with higher density 
treatments responding more negatively to the 
infection. 


DIscussION 


Comparison of trout production perfor- 
mance in cages at all densities and size groups 
tested in a 2-year period indicated that fin- 
gerlings 20 cm or larger are required for stock- 
ing cages. Growth performance of 20-cm fish 
at densities of 320/m°, 480/m°, 640/m® and 
960/m° indicated best overall mean harvest 
weight at the 640/m° density (198 g). Growth 
performance at this density, however, was not 
significantly different (P > 0.05) from growth 
performance of 2 treatments at the 320/m® 
density (191 g and 187 g). It is probable that 
production performance in the 1985 study was 
significantly affected by chronic bacterial 
problems and that trout growth and feed con- 
version at the lower densities tested in 1985 
could have been better with healthier fish. 
Overall results indicate production of rainbow 
trout in cages in farm ponds in Kentucky is 
feasible, although there is a need to signifi- 
cantly improve feed conversion. 

Most rainbow trout produced in the U.S. are 
grown in raceway systems supplied with con- 


stant water temperature. Most commercial diets 
are formulated for this type of system. In a 
static system such as cages in ponds, there is 
wide fluctuation in water temperatures 
throughout the winter growing season. A dif- 
ferent diet formulation may be required for 
improving feed conversion and growth in a 
system experiencing temperature fluctuations. 
Takeuchi et al. (9) found by increasing protein 
and lipid levels up to a maximum of 35 per 
cent protein diets and 15-20 per cent lipid, 
feed conversion and weight gain improved. 
Some feed companies (pers. comm., Dr. Thom- 
as Ziegler, President of Ziegler, Gardner, PA) 
recommend a high energy, fast growing ration 
for trout culture in a wide range of water tem- 
peratures, for best results. 

Further improvement in fish harvest weight 
can be obtained. It is probable that fall water 
temperatures will permit stocking trout in cages 
in early to mid-October in Kentucky. This 
would extend the production season by 20-30 
days over that tested. Refinements in feeding 
methodologies (per cent body weight feeding, 
demand feeding, etc.) should also improve fish 
growth and feed conversion. 
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ABSTRACT 


Dinsmore’s Woods, an old-growth maple-ash-oak forest in northern Kentucky, was sampled in 1973, 


resampled immediately following a tornado in 1974, and resampled again in 1985 to assess patterns of 
recovery. Tree density and total basal area had decreased in 1985 relative to the 1974 values. Species 


composition of the canopy was unchanged, with Acer saccharum as the dominant species. However, the 


relative importance of subdominant species changed. Prunus serotina, Quercus rubra, and Tilia americana 
increased in importance whereas Fraxinus americana, Ulmus rubra, Q. alba and Celtis occidentalis de- 


creased. Other species showed slight changes in importance. After 11 years of recovery, the saplings and 
seedlings generally did not reflect the species shift seen in the tree layer 


INTRODUCTION 


Disturbance of forest communities by wind- 
storms is a natural process. Windstorms may 
alter the structure and composition of the com- 
munity (1, 2, 3), renew succession (4), and dis- 
rupt normal soil development by uprooting 
trees and creating pit and mound formations 
(5, 6, 7). Treefalls also create openings in the 
canopy permitting new trees to enter the com- 
munity (8, 9) or enhancing the development 
and growth of stems previously suppressed un- 
der a closed canopy (10, 11). 

In spring of 1973, we began a preliminary 
study of the woody vegetation at Dinsmore’s 
Woods, a 43.3-ha forest in western Boone 
County, Kentucky. A more extensive analysis 
of this forest was begun in 1974. On 3 April 
1974, a tornado damaged a portion of Dins- 
more’s Woods. The survey was modified to 
include an assessment of immediate tornado 
damage (12). The 1974 report did not consider 
delayed effects, ie., damaged trees that sur- 
vived and apparently undamaged trees that 
would later fall. In 1985 we resurveyed the 
forest to characterize the community and to 
assess the forest recovery. 
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Stupy SITE 


Dinsmore’s Woods is 8 km west of Burling- 
ton, Boone County, Kentucky, and 3.2 km east 
of the Ohio River. The forest occupies mod- 
erate to steep slopes 218-250 m above the 
floodplain valley of the Ohio River. The bed- 
rock of Boone County is primarily Ordovician 
limestone and shale (13) which is covered by 
[linoian glacial till deposits (14) with localized 
areas of Kansan glacial till (15). The Woods 
are presently owned and managed by the Ken- 
tucky Chapter of The Nature Conservancy. 

The Woods have remained relatively un- 
disturbed since the establishment of farms in 
the county in the early 19th century (M. 
Breasted, pers. comm.). There have been only 
3 known incidents of tree removal: (1) dead 
chestnuts were logged in the 1930s; (2) a small 
area at the top of one slope was cleared for a 
small garden long since abandoned; and (3) a 
few of the fallen trees were removed along the 
edge of the forest by local timbermen after the 
1974 tornado and this final removal occurred 
after the 1974 forest survey. 

The 1974 tornado uprooted and damaged 
trees, opening portions of the forest canopy to 
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create both single-tree and multiple-tree gaps. 
However, some trees remained standing with 
crown damage. During the 11-year period be- 
tween surveys, it was observed that many of 
these damaged trees died and fell. 


METHODS 


In all 3 surveys, a nested circular plot sample 
method (16) was used. Species and diameter 
at breast height (DBH) of trees with a DBH 
=10 cm were recorded in 14 0.04-ha plots in 
1973. In 1974, following the tornado, 23 plots 
of 0.125 ha were sampled. Fifteen 0.04-ha plots 
were surveyed in 1985. The 1985 plots were 
established in the approximate locations of the 
1974 survey based on descriptions recorded 
from that earlier survey or the discovery of 
permanent plot markers from 1974. Plots for 
1974 and 1985 were located in the forest with- 
out regard to proximity to the tornado damage. 
Plot number was adequate in all survey years. 

Trees were classed as canopy (=30 em DBH) 
and subcanopy (10-30 em DBH) (16). Seed- 
lings and saplings were placed in appropriate 
size class determined with a sampling tem- 
plate. Seedlings in Class I had heights of 15 
cm to 1.4 m. All sapling classes had heights 
over 1.4 m. Class II saplings had diameters less 
than 1.27 cm. Those in Class HI had diameters 
from 1.28 to 3.81 cm. Saplings in Class IV were 
from 3.82 to 6.35 cm; and those in Class V 
were from 6.36 to 9.9 cm in diameter. These 
understory stems were recorded in plots nested 
within the tree class plots for 1974 and 1985. 
The sapling plot size was 0.062 ha in 1974 and 
0.01 ha in 1985 and for seedlings the plot size 
used in 1974 was 0.031 ha and 0.004 ha in 
1985. Nomenclature follows Fernald (18). 

Species composition, relative density and 
relative frequency by size class (trees, saplings 
and seedlings) were determined. Relative basal 
area was calculated for the tree stratum and 
summed with relative density and relative fre- 
quency and relative basal area to give an im- 
portance value for each species. 

No attempt was made in 1974 to determine 
the size of gaps created by trees damaged in 
the tornado. In 1974 trees were designated as 
undamaged, damaged (standing) and uproot- 
ed trees, but the 1985 data do not include this 
information. 

The similarity coefficient (19) was used to 
compare the stand at the 3 survey dates. The 


TaBLeE |. Forest community characteristics for Dins- 
more’s Woods in 1973 (pre-tornado), 1974 (post-tornado) 
and 1985 surveys 


1973 1974 1985 

Number of tree species 16 21 15 

Density (trees/ha) 334 320 242 

Basal area (m?/ha) 25 28 19 
Similarity coefficient (C) 

(compared to 1974) 86 _ 67 


coefficient is defined as: C = 2W/(a + b)*100, 
where a is the sum of the importance values 
(IV) of all tree species at 1 time period; b is 
the sum of importance values for the second 
time period and W is the sum of the lower 
importance value for each species. The coef- 
ficient of determination (100 r°), a measure of 
the amount of variation in stem number that 
can be explained by stem diameter, was used 
as an index of the amount of disturbance to 
stand structure. As the coefficient of determi- 
nation decreases, a higher level of disturbance 
is indicated (20). 


RESULTS 


The similarity coefficient for the 1973 rel- 
ative to the 1974 survey was 86%, indicating 
high species similarity between the 2 sample 
dates. This similarity value is within the range 
that Bray and Curtis (19) found when they 
resampled the same forest. However, the sim- 
ilarity coefficient between 1974 and 1985 was 
67%, which suggests differences in composition 
and/or structure. Density declined to 242 trees/ 
ha in 1985 from 320 trees/ha in 1974. Basal 
area was 32% lower in 1985 than 1974 (Table 
1). 

The coefficient of determination (100 r7) was 
83% in 1974 and 60% in 1985, which indicates 
that diameter distribution changed even more 
between the 1974 and 1985 surveys (Fig. 1). 
The 1985 survey showed little or no difference 
in the total number of trees/ha in the smallest 
(10-15 em DBH) or large (55 cm DBH) size 
classes. The overall decline in tree density comes 
from the 20 and 45 cm diameter classes. 

Individual species changed in density and 
relative basal area between the 1974 and 1985 
surveys (Table 2). However, tree class Acer 
saccharum increased in relative density and 
showed a small increase in absolute density 
between 1974 and 1985, but decreased in total 
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TABLE 2. 


basal area from 9.632 m?/ha in 1974 to 6.745 
m?/ha in 1985. Acer saccharum density in- 
creased from 36% of total tree density in 1974 
to 53% of the total number of trees in 1985 
(Table 3). While the absolute (but not relative) 
density of this species in the canopy declined, 
the proportion of A. saccharum has increased 
from 36% to 61% in the subcanopy, where it 
continues to be the most abundant species (Ta- 
ble 3) and has remained stable in the under- 
story (Table 4). 

Fraxinus americana decreased by 23 trees/ 
ha, but increased slightly in basal area by 0.164 
m?/ha (Table 2). There were fewer trees but 
this may indicate release and expanded growth 
in basal area in the 11 years. The canopy per- 
centage of this species was almost the same, 
23.7% to 23.1% (Table 3), even though there 
were fewer trees. Celtis occidentalis decreased 
by 28 trees/ha and in basal area by 2.091 m?/ 
ha (Table 2). This decrease was reflected in 
both the canopy and subcanopy (Table 3). 

Ulmus rubra decreased by 7 trees/ha but 
total basal area slightly increased by 0.012 m?/ 
ha (Table 2). Apparently, some of the 1974 
subcanopy trees have grown into the canopy 
suggesting release. Quercus alba declined in 
importance from 1974 to 1985 (Table 2). There 
were 10 fewer trees/ha and a decrease in basal 
area by 1.759 m?/ha. The loss of trees was 


The density (N) in trees/ha, relative density (RD), relative frequency (RF), relative basal area (RBA), and 


importance value (IV) for all tree class species recorded during the 1974 and 1985 surveys at Dinsmore’s Woods. 


N RD 

Species 1974 1985 1974 1985 
Acer saccharum 114 128 35.7 52.9 
Fraxinus americana 46 23 14.3 9.5 
Celtis occidentalis 35 7 11.0 2.9 
Ulmus rubra 82 25 10.0 10.3 
Quercus alba 12 2 3.8 0.8 
Gleditsia triacanthos 16 0 5.0 0.0 
Carya cordiformis 9 5 Oe ral 
Ostrya virginiana ll 3 3.3 1.2 
Quercus rubra 3 ll ll 4.5 
Fagus grandifolia 8 8 11 1.2 
Cercis canadensis i 2 22) 0.8 
Juglans nigra 7 3 2:2) 1.2 
Acer negundo 7 0 PAP) 0.0 
Quercus muhlenbergii 3 10 ll 4.1 
Tilia americana 2 5 0.5 2.1 
Robinia pseudoacacia 3 0 il 0.0 
Maclura pomifera 2 0 0.5 0.0 
Prunus serotina 2 13 0.5 5.4 
Quercus prinus 2: 0 0.5 0.0 
Cornus florida iD; 2 0.5 0.8 
Aesculus glabra 2 0) 5 0.0 


RF RBA IV 
1974 1985 1974 1985 1974 1985 
21.8 26.8 34.4 35.5 91.9 115.2 
14.5 12.5 15.7 24.0 44.5 46.0 
9.6 5.4 9.3 2.7 29.9 11.0 
8.4 8.9 4.6 6.8 23.0 26.0 
6.7 1.8 7.3 15 17.8 4.1 
4.9 0.0 3.1 0.0 13.0 0.0 
4.9 3.6 4.7 5.3 12.3 11.0 
4.9 3.6 0.6 0.2 8.8 5.0 
2.4 10.7 4.3 13.0 7.8 28.2 
2.4 3.6 3.4 0.7 6.9 5.5 
2.4 1.8 1.8 0.1 6.4 2.7 
2.4 3.6 1.4 2.5 6.0 7.3 
2.4 0.0 1.0 0.0 5.6 0.0 
2.4 7.0 AC) 6.2 5.4 17.3 
1.2 3.6 3.4 0.3 5.1 6.0 
2.4 0.0 0.7 0.0 4.2 0.0 
1.2 0.0 1.2 0.0 2.9 0.0 
1.2 5.3 0.4 Jali 2.1 11.8 
1.2 0.0 0.3 0.0 2.0 0.0 
1.2 1.8 0.1 0.1 1.8 2.7 
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TaBLE 3. Comparison of canopy and subcanopy tree density in 1974 and 1985 (N = trees/ha; % = relative density) 


Canopy Subcanopy 
1974 1985 1974 1985 
Species N % N % N % N % 
Acer saccharum 43 36.6 28 35.9 70 35.0 100 61.0 
Fraxinus americana 29 24.1 18 23.1 17 8.5 is) 3.0 
Quercus rubra 3 2.5 6 vet 0 0.0 5 3.0 
Quercus alba 9 To: 2 2.6 3) lifes 0 0.0 
Quercus muhlenbergii 3 2.5 5 6.4 0 0.0 5 3.0 
Ulmus rubra 2 leg 8 10.3 30 15.0 17 10.4 
Prunus serotina 0 0.0 0 0.0 2 1.0 13 7.9 
Carya cordiformis 5 4.1 5 6.4 4 2.0 0 0.0 
Celtis occidentalis 12 10.0 3 3.8 23 11.5 4 2.4 
Juglans nigra 2 aE 3 3.8 5 2.5 0 0.0 
Tilia americana 2 aA 0 0.0 0 0.0 5 3.0 
Quercus prinus 0 0.0 0 0.0 2 1.0 0 0.0 
Fagus grandifolia 2 Led, 0 0.0 1 0.5 3 1.8 
Ostrya virginiana 0 0.0 0 0.0 11 5.5 3 3.8 
Cercis canadensis 3 2.5 0 0.0 4 2.0 2 1:2 
Gleditsia triacanthos 2 Le 0 0.0 14 7.0 0 0.0 
Acer negundo 2 eye 0 0.0 5 25 0 0.0 
Aesculus glabra 0 0.0 0 0.0 2 1.0 0 0.0 
Robinia pseudoacacia 0 0.0 0 0.0 3 15 0 0.0 
Maclura pomifera 0 0.0 0 0.0 2 1.0 0) 0.0 
Cornus florida 0 0.0 0 0.0 2 1.0 2 1.2 


primarily from the canopy class and no indi- 
viduals were recorded in the subcanopy in 1985 
(Table 3). Quercus rubra increased by eight 
trees/ha and also in importance. Also there was 
an increase in basal area by 1.266 m?/ha (Table 
2). This increase was in both the canopy and 
by movement of individuals from the under- 
story into the subcanopy (Table 3). 

Fagus grandifolia decreased by 0.819 m?/ 
ha in basal area (Table 2). There were no can- 
opy trees recorded in 1985 with all tree class 
individuals of this species found in the sub- 
canopy (Table 3). Quercus muhlenbergii in- 
creased by 7 trees/ha showing increases in both 
the canopy and subcanopy (Table 3) but basal 
area increased only by 0.646 m?/ha. However, 
the importance of this species increased from 
1974 to 1985 (Table 2). Juglans nigra declined 
in absolute density but slightly increased in 
basal area in 1985 (Table 2). 

Tilia americana increased in relative den- 
sity but decreased in basal area because all 
trees in the canopy were lost and the trees 
recorded in 1985 were all subcanopy individ- 
uals (Table 3). Prunus serotina increased by 
11 trees/ha, all in the subcanopy (Table 3), 
which explains the small (0.097 m?/ha) in- 
crease in basal area. However, relative to all 
trees recorded, this species increased in im- 
portance from 1974 to 1985 (Table 2). 


Within the understory layer, most tree 
species decreased in their proportion of the 
absolute density between 1974 (8,177 stems/ 
ha) and 1985 (7,804 stems/ha) (Table 4). Ul- 
mus rubra, Fraxinus americana, Quercus spp. 
and Carya spp. decreased in both understory 
classes. Fagus grandifolia remained constant 
in absolute understory density. Celtis occiden- 
talis increased in the smaller understory classes 
but declined in Classes 1V-V. Tilia americana 
was the only important tree species to increase 
in both the sapling and seedling classes. Of 
the small tree/shrub species usually not rep- 
resented in the tree canopy, Asimina triloba 
and Lindera benzoin density increased in 
Classes I-III but decreased in Classes IV-V. 


DIsCUuSsION 


While no dominant species were lost from 
the forest community during 11 years follow- 
ing the tornado, changes in importance of some 
species are evident. Acer saccharum, the most 
important canopy species in 1974 and 1985, 
was also the most important understory species 
in both survey years. Its dominant position in 
the understory permitted A. saccharum to ex- 
ploit gaps in the canopy created by both large 
and small scale disturbances and thus maintain 
or increase dominance in this forest commu- 
nity. Most of the other subdominant species in 
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TasBLe 4. Comparison of understory (saplings and seedlings) absolute density data (stems/ha) in 1974 and 1985. 
1974 1985 
Species Classes I-III Classes IV-V Classes I-III Classes IV-V 
Acer saccharum 2,333 448 2,567 107 
Ulmus rubra 1,458 385 429 53 
Fraxinus americana 833 125 286 0 
Lindera benzoin 368 59 949 0 
Prunus serotina 319 56 56 33 
Asimina triloba 264 219 1,768 120 
Carya spp 257 45 208 0 
Celtis occidentalis 250 97 754 14 
Quercus spp 181 38 13 0 
Gleditsia triacanthos 125 0 0 0 
Sassafras albidum 83 3 0 7 
Ostrya virginiana 42 28 0 Uf 
Cornus florida 28 24 13 0 
Tilia americana 21 7 208 39 
Fagus grandifolia 14 3 13 0 
Cercis canadensis 14 10 56 i 
Juglans nigra ed 0 0 0 
Morus rubra 7 17 13 0 
Robinia pseudoacacia 0 3 0 0 
Liriodendron tulipifera 0 3 0 0 
Euonymus americanus 0 3 0 0 
Aesculus glabra 0 0 42 0 
Symphoricarpos orbiculatus 0 0 42 0 
Total stems/ha 6,604 1,573 7,417 387 


Class I = seedlings from 15 cm to 1.4 m high 

Class II = saplings over 1.4 m high with diameters less than 1.27 em 
Class III = saplings over 1.4 m high with diameters from 1.28 to 3.81 em 
Class IV = saplings over 1.4 m high with diameters from 3.82 to 6.35 em 
Class V = saplings over 1.4 m high with diameters from 6.36 to 9.9 em 


1974 decreased in absolute canopy density. 
However, other less dominant species from the 
1974 survey, Quercus rubra, Q. muhlenbergii 
and Prunus serotina, increased in density in 
the tree class, apparently responding to the 
opening of the canopy. 

There was no relationship between species 
susceptibility to wind damage and recovery 
from the tornado. Held and Winstead (12) and 
the Kentucky Division of Forestry (pers. 
comm.) reported that Acer saccharum and 
Fraxinus americana had the most individuals 
that were uprooted or damaged by the tor- 
nado. However, these species were the most 
important in the forest community sampled in 
1985. Of all the species which had damaged 
or uprooted individuals, only Celtis occiden- 
talis declined in community importance in the 
tree class. 

One explanation for the difference in com- 
rounity structure and composition in 1985 
compared to 1974 is that not enough time has 
elapsed to allow the reestablishment of a com- 
munity that approximates the pre-tornado for- 


est and that the 1985 forest is at some inter- 
mediate stage prior to the typical climax of 
the area. Disturbances tend to push the com- 
munity back to a preceding stage of devel- 
opment (3). An alternate explanation is that a 
tornado or windstorm uproots trees which im- 
mediately creates openings in the canopy while 
also damaging some trees that do not fall or 
die until later. This delayed or periodic open- 
ing of new gaps creates a forest community 
with a mosaic of successional patterns. Held 
and Winstead (12) reported that 21% of the 
total number of tornado-damaged trees mea- 
sured in 1974 were still standing indicating 
that gaps could be created without another 
disturbance occurring. 

Prunus serotina has been reported to be an 
invader of disturbed areas (9). In the 11 years 
following the tornado, this species has moved 
from an understory position into the subcan- 
opy. However, its abrupt importance in the 
forest community may be interpreted to be 
declining as indicated by the understory data 
(Table 4). The percentage of P. serotina in the 
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1985 seedling class is small indicating that in- 
dividuals of this species are slowly being elim- 
inated with canopy closure. 

The understory data indicate an increase in 
density by most species in the growing season 
immediately following the tornado (Table 4). 
Both shade-tolerant and shade-intolerant 
species increased. By 1985, most species de- 
clined in understory density except for those 
that are shade-tolerant or species which would 
not be represented in the tree class (Asimina 
triloba, Lindera benzoin). Celtis occidentalis 
decreased in overstory tree density but in- 
creased in the understory suggesting that the 
decline of this species may be temporary. 

Eleven years following the tornado, Dins- 
more’s Woods is still a forest in the process of 
recovery. The dominant species, Acer saccha- 
rum, remained dominant, whereas the sub- 
dominant species composition is in flux. The 
forest community is shifting and sorting in re- 
sponse to the tornado. The overstory and 
understory data indicate that the forest de- 
veloping now will be different than the pre- 
tornado forest. However, many of the differ- 
ences reported here are small and there is a 
possibility that resampling without permanent 
plots (the 1985 plots were in the approximate 
location of the 1974 plots) may be responsible 
for these differences. Further long-term studies 
are necessary to observe if the differences seen 
in the 11 years between samplings are an ac- 
curate reflection of the changes occurring in 
this forest. 
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Comparative Age and Growth of Blue Catfish in the 
Kentucky Portion of Kentucky Lake between 1967 and 1985 


R. Scott HALE! AND Tom J. TIMMONS 


Hancock Biological Station, Murray State University, 
Murray, Kentucky 42071 


ABSTRACT 


Age and growth and length-weight relationships were determined for the blue catfish in the Kentucky 
portion of Kentucky Lake, where this species is of commercial importance. Mean backcalculated lengths for 
fish ages 1 through 9 were 133, 221, 274, 317, 368, 425, 485, 548 and 585 mm, respectively. A comparison 
to similar data for this section of lake from 1967, 1972 and 1977 indicated the most rapid growth during 
the past 25 years was reported during the earliest study. An improved method of backcalculation used only 


in the current study suggests that previous studies underestimated the lengths of fish at ages 1 and 2, while 
comparisons of length at age at older ages were not affected by this. Since 1967, a decline in mean incremental 
growth was apparent. The length-weight relationship was described by the following model: In(weight) = 


In(length)3.427 — 14.197 


INTRODUCTION 


Historically established sport and commer- 
cial fisheries for catfishes exist throughout the 
Kentucky portion of Kentucky Lake. Recent 
surveys of the trotline fishery (1) and the en- 
tanglement fishery (2, 3) in this section of Ken- 
tucky Lake indicate that the catch is domi- 
nated by blue catfish (Ictalurus furcatus), but 
also includes channel catfish (Ictalurus punc- 
tatus) and flathead catfish (Pylodictis olivaris). 
Although catfishes are popular sport fish in this 
region, they represent only a small percentage 
of the total catch of sport fishermen (4). 

The commercial fishery of Kentucky Lake 
is an important asset to the economies of west- 
ern Kentucky. Catches of catfishes yield be- 
tween $0.40/lb ($0.08 kg) and $0.65/Ib ($1.43 
kg) whole, and are usually sold to 1 of the 7 
major markets in the Kentucky Lake region of 
western Kentucky and western Tennessee. Due 
to the significance of catfishes in this region, 
these fishes have been the subject of numerous 
investigations over the past 20 years. The pur- 
pose of this investigation was to contribute to 
this database the current status of the age and 
growth of blue catfish and summarize results 
from the previous studies. In addition, a length- 
weight relationship was determined for this 
species to allow the weight of the harvest of 
the commercial catch to be estimated when 


' Present address: Kentucky Department of Fish and 
Wildlife Resources, #1 Game Farm Road, Frankfort, Ken- 


tucky 40601 
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only the more easily obtained total length of 
each fish is available. 

Kentucky Lake was formed by the comple- 
tion of a dam on the Tennessee River at river 
mile 22. The downstream 21,000 hectares of 
this 64,800-hectare reservoir are located in 
western Kentucky, with the balance in western 
Tennessee. Kentucky Lake is joined with Lake 
Barkley on the Cumberland River by a canal 
4 km upstream from Kentucky Dam, allowing 
interchange of fish populations. The Kentucky 
portion of the reservoir is characterized as la- 
custrine and usually at least 1.6 km across, 
although average retention time generally 
ranges from 9 days during February and March 
to 36 days from April to June (5). 


METHOD 


Data were collected between April 1985 and 
June 1986 by onboard observations of the 
catches of commercial fishermen and visits to 
fish markets. Fish markets were useful places 
to collect pectoral spines, obtain length-weight 
data and determine the sex of fish when pos- 
sible, and onboard observations provided ad- 
ditional length-weight data. Total length was 
measured to the nearest mm and weight was 
determined to the nearest 25 g. All data were 
entered on the mainframe computer at Murray 
State University, Murray, Kentucky, and anal- 
ysis was conducted with the Statistical Analysis 
Systems package (6). 

Age and growth determinations were based 
on spine analysis. The left pectoral spine was 
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TABLE l. 


) 


3 


t 


Mean backcalculated lengths (mm) of blue catfish in the Kentucky portion of Kentucky Lake, 1985 (length, 


growth increment, 95% confidence interval and annuli sample size, respectively). 


1 2 3 4 5 6 

Male 132 225 280 323 375 431 
132 93 55 43 52 56 

2 4 5 6 9 15 

110 108 97 96 92 64 

Female 135 226 278 322 367 427 
135 91 52 44 45 63 

3 4 4 6 8 ae) 

115 101 90 89 85 64 

Overall 133 221 274 317 368 425 
133 88 53 43 51 57 

] 2 2 3 4 5 

613 593 517 509 462 343 


Age (yr) 
7 8 9 10 11 12 13 
484 544 606 641 693 736 813 
53 60 62 35 51 43 cas 
18 28 49 100 193 129 —_ 
36 20 10 4 2 2 ] 
474 513 580 
44 39 67 
18 61 67 
38 18 6 
485 548 585 608 693 736 813 
60 63 37 23 85 43 at 
8 8 31 102 193 129 —_ 
230 112 27 5 2 2 1 


disarticulated from 10 fish in each of 10-mm 
size increments starting at the smallest sizes 
available. Sections between 0.1 and 0.5 mm 
thick were cut from dried spines at the distal 
portion of the basal recess (7). A motorized 
roto-saw fitted with a movable stage (8) and 
aluminum oxide abrasive blades worked well 
to cleanly section spines. Sections were cleared 
with methyl alcohol and examined on a Baush 
and Lomb projecting scope. All measurements 
of margins and annuli were made in the an- 
terior field and began in the center of the first 
annulus as recommended by Marzolf (9) and 
Lorantas (10). A subsample of spines from fish 
of known sex was examined to indicate differ- 
ences in male and female growth within the 
age range of fish studied. 

A modified Fraser-Lee equation was used to 
determine growth rates by backcalculation af- 
ter each fish was assigned to an age group (11). 
The equation is as follows: 


Ln = A + (Sn/S)(L — A); 
where, 


LN = fish length at annulus formation 
L = fish length at time of capture 
Sn = center to annulus n length 
S = center to spine margin length 
A = the y intercept value of the regression 
of L on S, used as a correction constant. 


The mean backcalculated length at each age 
was then determined from backcalculated 
lengths. 

Results from current backcalculations were 
compared to those from past studies conducted 


in 1967 (12), 1972 (13), and 1977 (14). These 
combined data provide age and growth infor- 
mation about blue catfish in this system over 
the past 25 years. 

A logarithmic linear regression model was 
established to allow for the estimation of the 
weight of fish given total length. Because length 
data are more easily obtained, particularly 
during onboard conditions, such a model is 
useful to estimate catch weight. 


RESULTS AND DISCUSSION 


Mean backcalculated lengths for ages 1 
through 13 were determined from 655. fish, 
which included a subsample of 125 males and 
122 females. The intercept value (A) used in 
backealculation was from the equation Y = 
30.92 + 4.60X (r-square = 0.919), where Y = 
fish length and X = the distance from the cen- 
ter of the spine section to its anterior margin. 
Growth increments and length at age appeared 
similar between sexes and these data were 
combined for overall determinations (Table 1). 
Adequate samples of spines were collected for 
fish through age 9, as indicated by the low 95% 
confidence intervals. 

The most rapid increase in growth in length 
occurred at ages 1 and 2. After these ages, 
annual growth increments stabilized. Figure | 
indicated that this pattern was consistent for 
most year classes, and that overall, growth was 
not dramatically different between year classes. 
In addition, Figure 1 indicated that Lee’s phe- 
nomenon, an erroneous decrease in length at 
young ages resulting from backcalculations of 
older fish, did not occur. 


24 

600 
-~ 600 
£ 
€ 
~ 400 
x= 
= 
(5 300 
Zz 
lu 
— 200 

100 

7677 78 79 80 81 82 83 84 85 
YEAR CLASS 

Fic. 1. Annual growth for 9-year classes of blue catfish 


in the Kentucky portion of Kentucky Lake 


A comparison of current age and growth 
data with that of past studies did indicate some 
trends. Mean lengths at ages 1 and 2 were 
higher in the current study than in all three 
previous studies (Table 2). One partial expla- 
nation for this was the use of different methods 
of backcalculation. In the previous studies, the 
direct proportion method (11) was used, while 
in the current study, the Fraser-Lee method 
was used. The Fraser-Lee method corrects for 
Lee’s Phenomenon, which is a common prob- 
lem in the less-used direct proportion method 
and occurs in the results of Freeze (14) and 
Matthai (13). The Fraser-Lee method is be- 
lieved to render more reliable results from 
backcalculations of young ages derived from 
old fish when sample size is adequate. Empir- 


TABLE 2. 
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ical data from Porter (12) indicate that 341 age 
0 fish had a mean length of 111 mm at the 
time of capture. Because only the youngest 
ages are seriously affected in these data (15), 
reasonable comparisons were possible. 

After age 2, results from 1967 indicate great- 
er lengths attained at all ages than during any 
other study period (Fig. 2). Conspicuous trends 
of this type do not occur among any of the 
other study periods, and the reason for this one 
is unclear. Changes in regulations of the com- 
mercial fishery in 1975 do not explain this. 
Because entanglement gear restrictions were 
not increased until 1975, results from 1972 and 
1977 studies would not have been affected. 
Additionally, legalization of slat traps, a pot- 
type entrapment gear selective for fish 250- 
400 long (15) would be unlikely to reduce 
growth rates of any age fish, with the opposite 
results being more likely, particularly for young 
fish. 

A final difference was noted in the growth 
increments between studies. Mean incremen- 
tal growth was highest in 1967 (85) followed 
by 1972 (75), 1977 (74), and 1985 (65) between 
ages | and 9 where data were available. These 
findings would be of interest to future re- 
searchers, particularly because differences in 
backealculation methods would tend to un- 
derestimate this pattern of reduced incremen- 
tal growth. 

The length-weight model established for blue 
catfish in the Kentucky portion of Kentucky 
Lake was based on 3,980 fish and is as follows: 
Y = 3.427X — 14.197 (r-square = 0.968), where 
Y = the natural logarithm of weight and X = 
the natural logarithm of length. Because most 
fish sampled were longer than 250 mm, this 
equation is recommended for use with fish 


Mean backcalculated lengths (mm) and growth increments from blue catfish age and growth studies on the 


Kentucky portion of Kentucky Lake between 1967 and 1985. 


Age (yr) 
Study xt 2 3 4 5 6 it 8 9 10 1 12 13 
1985 (n = 655) 133 221 274 317 368 425 485 548 585 608 693 736 813 
133 88 53 43 51 57 60 63 37 23 85 43 77 
Freeze 1977 (n = 492) 75 164 239 301 361 431 483 565 665 
75 89 75 62 60 70 52 82 100 
Matthai 1972 (n = 632) 90 179 251 306 352 405 528 
90 89 72 55 46 53 «123 
Porter 1969 (n = 756) 117 214 309 391 480 558 628 677 
117 O17 95 82 89 78 70 49 
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greater than this length. Fish below this length 
are rarely harvested commercially or desirable 
to sport anglers. 
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Jessamine County, Kentucky: a Remarkable Concentration of 
Rare Species in the Bluegrass Region 
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ABSTRACT 


This study describes the flora and vegetation of the gorge along the lower section of Jessamine Creek, 
Jessamine County, Kentucky. The gorge runs into the Kentucky River Palisades, cutting through Middle 
Ordovician limestones within the Inner Bluegrass Region. Compared to other areas in this region, the gorge 
has relatively well-preserved forests, and a particularly diverse flora. The vegetation grades from floodplain 
forest with Acer negundo and Platanus occidentalis, to moist slope forest with Acer saccharum and Quercus 
rubra, to drier slope forest with Quercus muhlenbergii and Fraxinus quadrangulata, to dry open rocky sites 
with Juniperus virginiana. Fagus grandifolia and Quercus alba are largely restricted to old terraces or to 
gentler slopes above the cliffs. The flora, in general, is dominated by species that are concentrated on calcareous 
soils in Kentucky. The occurrence of several species at the edges of their ranges (northern, mid-western and 
Appalachian) gives this area special biogeographic interest. Species that are rare or localized in Kentucky 
include Arenaria fontinalis, Cerastium arvense, Cladrastis kentukea, Draba ramosissima, Pachistima can- 
byi, Phlox bifida, Prunus virginiana, Schizachne purpurascens, Solidago rupestris, Synandra_ hispidula, 
Trillium nivale, Ulmus thomasii, Viburnum molle, Viola walteri and Waldsteinia fragarioides. The most 
xerophytic of these species are restricted to rocky points that tend to occur above creek bends or tributary 


mouths. 


INTRODUCTION 


The Inner Bluegrass Region generally has 
productive soils derived from Middle Ordo- 
vician limestones. The natural vegetation has 
been largely destroyed by farming and other 
developments, except for gorges along the 
Kentucky River, which still have a continuous 
strip of forest about half a mile wide. Several 
pioneering botanists in Kentucky visited this 
“Palisades” section of the river valley, from 
Andre Michaux (1) to Lucy Braun (2). More 
recently, several local colleges and universities 
have used the area for classwork. However, 
little botanical information has been pub- 
lished, although Martin et al. (3) and Camp- 
bell (4) conducted preliminary surveys, and 
Bryant (5) did more intensive work at Panther 
Rock, Anderson County. Jessamine Gorge is 
one of the most interesting areas within the 
Palisades. McFarland (6) listed some plants 
from this gorge (mostly near Chrisman’s Cave), 
but his collections were destroyed by the 1948 
fire at the University of Kentucky. This paper 
presents current botanical knowledge of Jes- 
samine Gorge, giving special attention to rare 
species that occur here. Also, there is some 
discussion of problems for further research. 


Jessamine Gorge covers about 4 km? (1.5 
square miles) along the lower section of Jes- 
samine Creek, a tributary of the Kentucky Riv- 
er (Fig. 1). The bedrock is mostly in the High 
Bridge Group, consisting of limestone, dolo- 
mite and a little bentonite (7). The gorge has 
particularly well-preserved, species-rich vege- 
tation, probably due to the depth and narrow- 
ness of the gorge, the great variety of envi- 
ronmental conditions, and the lack of 
agricultural influence. Of particular interest 
are some narrow, rocky ridges or “points” above 
sharp bends in the creek and at junctions with 
tributaries (Fig. 1). These points have remark- 
able clusters of rare species. The gorge is also 
important because it has caves used by Gray 
Bats and Indiana Bats, both Federally Endan- 
gered Species. Since 1980, The Nature Con- 
servancy has begun to purchase sections of the 
gorge, with the ultimate aim of complete pro- 
tection. 


METHODS 


Flora.—Most data came from regular field 
trips by both authors during the past 15 years, 
including some classwork and some disserta- 
tion research (4). (Earlier lists were circulated 
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Fic. 1. 
species (see text) 


in 1974, with the help of John MacGregor.) 
Specimens of most species have been deposited 
at the University of Kentucky herbarium. No- 
menclature generally follows Fernald (8), ex- 
cept for a few cases where synonyms are given 
in the Appendix. 

Vegetation.—In 1977-1978, the senior au- 
thor surveyed the vegetation in 22 plots (Fig. 
1), as part of a broad survey of the Inner Blue- 
grass Region (4). These plots were selected to 
illustrate the range of tree species composition 
to be a systematic sample of the conceptual 
“species space” represented in the study area 
(9), not to be a systematic sample of the whole 
study area. The plots were selected according 
to 2 criteria: to lie in different equal sections 
of the gorge (excluding some less accessible 
tracts); and to be centered on different species 
of reference tree (at least 25 em dbh). These 
reference trees were selected by starting at 
random points within each section, and then 


Map of study area. Numbers indicate locations of forest plots; x's indicate locations of “points” with rare 


walking zig-zag paths up and down slope until 
a different species was seen. Each plot was 
circular, and all trees at least 10 cm dbh were 
recorded within a radius of 15 m. Smaller stems 
were recorded within a radius of 10 m. Basal 
areas were determined for stems at least 10 
cm dbh. Herbaceous species were also listed 
within the 10-m radius, and were assigned coy- 
er classes (0-1%, 1-10%, 10-50%, 50-100%). 
An extra plot of 55 x 55 m was located in an 
area dominated by Aesculus flava that was 
discovered in 1978 (referred to as plot AF). 
Also, during 1986, 12 extra plots of 10-m radius 
were surveyed for herbaceous species along 
transects down the 2 narrow points with Tril- 
lium nivale. 

Soils.—In 1986, soil samples were taken 
along the 2 transects and in adjacent plots, in 
order to illustrate the general differences be- 
tween slopes, terraces and floodplains. The A 
horizon in each plot was sampled from 4 pooled 
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TABLE 1 
Slopes/ points 
(n = 9) 1 
pH (water) 6.68 + 0.40 6.74 
10-30 em 6.85 
30-50 cm 6.83 
50-70 cm 6.93 
K (p.p.m.) 159 + 62 75 
10-30 cm 49 
30-50 cm 66 
50-70 cm 78 
N (p.p.m.)4 4,020 + 2,850 4,150 
10-30 cm 1,060 
30-50 cm 590 
50-70 cm 830 
P (p.p.m.)° 5/9 samples 


<120 (13-29) 


All samples > 120 


Some chemical characteristics of soils in Jessamine Gorge.* 


Terraces 
Floodplains 
2 3 (n = 7) 
5.57 6.91 7.43 + 0.25 
4.95 7.85 
5.09 7.55 
5.16 7.58 
57 108 128 + 22 
44 75 
67 70 
82 76 
2,710 3,340 3,530 + 3,420 
1,150 2,200 
750 1,970 
990 1,630 


All samples > 120 


’ Most soils were sampled along 2 selected transects from upper to lower slopes. Values shown here are means + standard deviations, except for the individual 
terrace samples. Except for the deeper terrace samples, all samples are from the top 10 cm of the soil profile (A horizon), without leaf litter. The 3 terrace 
samples detailed here are as follows: (1) under mixed Fagus grandifolia and Acer saccharum canopy, (2) under pure Fagus grandifolia canopy (mouth of 
Leatherwood Creek), (3) under Acer negundo canopy (mouth of Leatherwood Creek) 


"pH in 1:1, soil: water slurry 

© Potassium in Melich III extraction 
“Total nitrogen 

* Phosphorous in Melich III extraction 


subsamples spaced 10 m apart. Soil pH, N, P 
and K contents were analyzed by the Univer- 
sity of Kentucky Agriculture Experiment Sta- 
tion, using standard tests (Table 1). The Soil 
Survey of Jessamine and Woodford counties 
(10) was referred to for general nomenclature 
and interpretation of soil series (see also 4). 


RESULTS 
Flora: Notes on Rarer Species 


About 560 vascular plant species are known 
from Jessamine Gorge (see Appendix). This list 
includes about 90 exotics, which occur in ad- 
jacent farmland and occasionally along paths, 
streams and clifftops within the gorge. Overall 
frequency and typical habitat is indicated for 
each species. 

The following notes concern the distribu- 
tions of rarer species in the gorge. Asterisks (*) 
indicate those on the official state list of rare 
species (11). Some species are candidates for 
federal protection: Arenaria fontinalis, Les- 
querella globosa, Pachistima canbyi, Phlox 
bifida ssp. stellaria and Synandra hispidula 
(12). Exact locations for most of these species 
are mapped at the Kentucky Nature Preserves 
Commission in Frankfort. Figure 2 shows their 
known county distributions in Kentucky. 


*Arenaria fontinalis. This species is known 
from only 10-15 sites in the Inner Bluegrass 
of Kentucky and the Central Basin of Ten- 
nessee. It generally occurs on Ordovician lime- 
stone, in mossy seeps with partial shade (13). 
It has been discovered at 5 sites in Jessamine 
Gorge, mostly by John MacGregor and Max 
Medley (pers. comm.) during 1970-1980. Only 
1 site has a relatively large population, with 
100s or 1,000s of plants scattered over about 
100 m?. This population is among the largest 
known for the species. The plants here are on 
small seeping cliffs, in forest transitional from 
Quercus muhlenbergii and Fraxinus quadran- 
gulata to Acer saccharum and A. negundo, 
with frequent Staphylea trifolia and Hydran- 
gea arborescens in the shrub layer. It is rooted 
in patches of the moss, Amblystegium tenax. 
Other vascular species rooted in the moss in- 
clude Impatiens pallida (locally dominant), 
Pilea pumila, Stellaria media, Cardamine bul- 
bosa, C. hirsuta, Arabis laevigata, Barbarea 
vulgaris, Sedum ternatum, Heuchera villosa, 
Saxifraga virginiensis, Dodecatheon meadia, 
Phacelia bipinnatifida, Galium aparine, Po- 
lymnia canadensis and Elymus villosus. Dur- 
ing 1986-1987, only 1 of the other 4 recorded 
sites for Arenaria fontinalis, covering about 
0.5 m2, could be relocated. Two other recently 
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Fic. 2. Maps of rarer species’ distributions in Kentucky, by county. These maps are mostly based on data accumulated 
by Kentucky Nature Preserves Commission, the University of Kentucky herbarium and Max E. Medley (pers. comm.). 
Open circles indicate records that may not be reliable. 
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recorded sites in the Inner Bluegrass had no 
plants during 1986-1987 (Boone Creek in Clark 
County, and near Millville in Woodford Coun- 
ty), and some populations in Franklin County 
declined (Hal Bryan, pers. comm.). There is 
an urgent need for further research on the 
population dynamics of this winter annual (14) 
species in relation to environmental changes. 

Cerastium arvense. In Kentucky, this cir- 
cumboreal species has been reported from the 
Kentucky River valley only, in Anderson (5), 
Woodford and Jessamine counties (University 
of Kentucky herbarium). The Kentucky plants 
are subspecies strictum (15). In Jessamine 
Gorge, 11 populations have been found, rang- 
ing from less than 10 plants to 100 or more. 
All sites are on rocky points (see Vegetation 
section). At several sites, it is concentrated next 
to small paths and eroded areas. 

Cladrastis kentukea. This tree species of the 
east-central U.S. is known from 13 Kentucky 
counties, mostly in moist forest on steep cal- 
careous slopes. In Jessamine Gorge, as else- 
where in the central Palisades area, it is con- 
centrated on and near north- or east-facing 
cliffs in forest dominated by Acer saccharum, 
but it is a minor constituent (Table 2). 

Draba ramosissima. This species occurs in 
the Ridge and Valley Province, and in a few 
disjunct regions as far west as Missouri. In Ken- 
tucky, the only confirmed records are from 
Ordovician limestone cliffs along the Kentucky 
River. It grows in thin soil on ledges or in 
crevices, generally with partial shade. In Jes- 
samine Gorge, it is frequent within such hab- 
itat. 

Lesquerella globosa. This species occurs 
mostly in central Kentucky and central Ten- 
nessee, with a few records in some adjacent 
states. In Kentucky, it is concentrated on or 
near outcrops of the Lexington Limestone at 
outer edges of the Inner Bluegrass Region (16). 
It was reported from Jessamine Gorge by 
McFarland (6): No. 69, “Chrisman’s Cave, 
Apr. 27, 1939. Infrequent along roadsides and 
rocky banks of streams.” There have been no 
reports from Jessamine County since then. This 
biennial species is highly variable in its pop- 
ulation sizes from year to year (H. Bryan, pers. 
comm. ). 

*Pachistima canbyi. This species is restrict- 
ed to calcareous areas within and near the Ap- 
palachian region. The population in Jessamine 


Gorge, found by Ann Fredenberg and the se- 
nior author in 1985, is the only known site west 
of the Appalachian Plateaus Cliff Section (2). 
It occurs in dry open woods on one of the 
sharpest, southwest-facing points along the 
creek, together with all the other rare species 
typical of these points (see Vegetation section), 

*Phlox bifida. This species of the mid-west- 
ern U.S. is known from only 4 Kentucky 
counties, mostly in the central Palisades section 
of the Kentucky River Valley. In Jessamine 
Gorge, there are 2 relatively large populations 
on southwest-facing points. In each of these 
areas, the species occurs over about 1,000-2,000 
m? in dry open woods, and is locally dominant 
on the ground. Two much smaller populations, 
covering less than 50 m?, have been found on 
less exposed northwest-facing points nearby. 
The one furthest upstream, found by Ray 
Cranfill in the 1970s, could not be relocated in 
1987. Almost all of the plants in the Inner 
Bluegrass Region are the non-glandular form 
known as subspecies stellaria, but the distinc- 
tion of this taxon from typical bifida remains 
open to question and is currently receiving 
detailed study by Ellen Cypher (Southern II- 
linois University, pers. comm. ). 

Prunus virginiana. This species of the north- 
ern U.S. and Canada has been reported from 
only 8 Kentucky counties. One cluster of sites 
is in the Inner Bluegrass, mostly in tributary 
gorges along the Kentucky River on moist, for- 
ested, rocky slopes near streams. In Jessamine 
Gorge, it has been found at only 3 sites, but it 
has not been searched for thoroughly. 

*Schizachne purpurascens. This species oc- 
curs in the northern U.S., Canada and north- 
east Asia. In Kentucky, it is known only from 
the Inner Bluegrass Region along the Kentucky 
River and its tributaries. It was first collected 
in Kentucky by Charles Short and Robert Peter 
in the 1830s, and was rediscovered by Max 
Medley and the senior author in 1985. Within 
Jessamine Gorge, 8 1-10-m? patches have been 
found, all on rocky points or narrow ridges (see 
Vegetation section). This local distribution is 
similar to that of Cerastium arvense. 

*Solidago rupestris. This species of the 
northeastern U.S. is known from 14 Kentucky 
counties (Max E. Medley, pers. comm.). Most 
sites are on banks of the Kentucky River within 
the Bluegrass Region. It is most frequent on 
open rocky sites with Andropogon gerardii, 
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TaBLe 2. Composition of forest plots in Jessamine Gorge (1977), arranged by forest type dominants (basal area).* 
Drier slopes/ points Moister slopes/terraces 
Juniperus Fraxinus /Quercus /Carya Acer saccharum type 
Species 30 46 32 39 37 42 48 40 49 AF 
Juniperus virginiana 74 41 37 + ta 10 25 
Fraxinus quadrangulata 27 4 48 23 + 5 6 uf 
Fraxinus americana 4 26 2 33 1 + 12 21 
Ulmus thomasii 33 34 21 79 a 2 + 
Ulmus rubra + + +: 6 rl + 33 2 4 1 
Ostrya virginiana + + 1 + 4 2 
Juglans nigra 4 ote a 10 
Celtis occidentalis 2 + + 1] 1] 25 ts + 44 16 
Quercus muehlenbergii 10 + 46 74 88 34 ] 64 
Quercus shumardii a 20 + 
Carya cordiformis + 13 + 70 + 
Carya laciniosa 22 2 
Carya ovata 3 20 
Gymnocladus dioica 13 
Aesculus glabra 20 2 + 14 + 56 
Aesculus flava 48 55 
Acer saccharum/nigrum 9 43 30 18 58 48 13 84 4 ll 
Tilia americana/heteroph 20 48 1 1 
Cladrastis kentukea 
Cornus florida + a + 
Carpinus caroliniana + 
Carya glabra/ovalis + 8 
Quercus velutina 
Quercus alba 
Quercus rubra + 9 + 2 
Fagus grandifolia 
Liriodendron tulipifera 
Ulmus americana 2 a 1] 
Acer negundo + + 5 
Platanus occidentalis 
Acer saccharinum 
Total basal area 160 138 208 212 255 154 223 180 145 208 
Topography 1 1 1 8 2 (3) (3) 3 1 3 
2 Units of basal area are 0.1 m?/ha (stems at least 10 em d.b.h.); ie, “1” = 0.1 m?/ha 


+ indicates that the species just occurred as seedling or sapling under 10 cm d.b.h 
The code for topography is 1 for S~SW slopes (150-270°), 2 for intermediate, 3 for N-NE (330-0-170°); lower concave slopes are in parentheses. 


such as occur 2-5 km (1-3 miles) upstream of 
Jessamine Creek. At the mouth of the creek, 
a few plants of S. rupestris were found in open 
floodplain woods with Acer saccharinum and 
A. negundo. The only plant of Andropogon 
gerardii found in the study area was in an 
adjacent old-field. 

Synandra hispidula. This species of the east- 
central U.S. is known from 36 Kentucky 
counties, but is rare in surrounding states. It is 
relatively frequent along the Kentucky River 
in the Bluegrass Region. Patches are scattered 
along much of the lower half of Jessamine 
Gorge, mostly in the transition from floodplain 
forest with Acer negundo to lower slope forest 


with Acer saccharum. It is easily overlooked 
in some years, because its biennial lifecycle 
tends to be synchronized within whole popu- 
lations (17). For example, during 1986, no 
flowering plants were seen in Jessamine Gorge, 
but seedlings were locally abundant, and these 
flowered in 1987. 

*Trillium nivale. In Kentucky, this northern 
to mid-western species is known only from Jes- 
samine Gorge and one other locality (in Mercer 
Co.). There are 2 populations known in the 
gorge. One, ona narrow southeast-facing point, 
has several hundred plants. This was reported 
first by McFarland (6). It is concentrated in 
the transition from dry forest with Juniperus, 
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TABLE 2. 


Moister slopes/terraces 


Continued 


Floodplain 


Acer saccharum type Acer sacchar./Q. rubra A. negundo 
43 44 34 35 47 36 29 38 45 31 33 41 
2 vi + Bis + 
38 16 ] + = + 
6 5 9 4 5 D) 4 20 a ns 
20 3 om 6 2 
+2 + oo 6 + + + 
ar + aS = a 
13 
2 6 35 5 ot + 
35 24 3 ie! 30 5 6 2 4 20 + 
26 48 
ats SE 9 + ++ + + + 
8 
5 aE 2 + 
70 1 
3 + ll 
17 3 
99 66 2) 47 32 97 16 104 23 13 4] 
6 17 2 2 13 20 12 + 1 
I 1 a t t t 
4 4 + a 1 4 
15 3 ate 
10 
=F 22 és 22, 
te + 74 4 37 71 47 + 
12 a 22 70 47 
26 53 
ll 6 ft! 16 9 32 
13 9 88 70 
6 20 69 
68 
227 125 151 159 192 219 155 201 211 160 231 138 
1 3 (3) (3) 2 (1) 3 (2) (3) = ar 


Quercus muhlenbergii and Fraxinus quadran- 
gulata, to moister lower slope forest with Acer 
saccharum. It is particularly frequent on 
mossy, rocky ground on the north side of the 
point. Associated herbaceous species include 
Poa cuspidata, Diarrhena americana, Uvu- 
laria perfoliata, Erythronium americanum, 
Trillium sessile, Claytonia virginica, Ranun- 
culus hispidus, Hepatica acutiloba, Isopyrum 
biternatum, Jeffersonia diphylla, Dentaria la- 
ciniata, Geum canadense, Viola sororia and 
Polymnia canadensis. The other population in 
the gorge is on a southwest-facing point, just 
below the Pachistima, but only 7-13 plants 
have been seen here. This population was dis- 
covered by the senior author and Carol Baskin 
in 1986. 


Ulmus thomasii. In Kentucky, this species 
of the north-central U.S. is known only from 
steep slopes in the Inner Bluegrass Region, and 
a few scattered sites elsewhere on limestone. 
It is frequent in Jessamine Gorge on dry slopes, 
generally with Quercus muhlenbergii, Fraxi- 
nus quadrangulata and Juniperus virginiana 
(Table 2). It is often overlooked, and has rarely 
been collected in flower or fruit. However, the 
leaves are distinct from other Ulmus spp. in 
the state: smooth and glossy above, softly pu- 
bescent below, relatively broad with close veins, 
and not strongly acuminate. 

*Viola walteri. In Kentucky, this Appala- 
chian and Coastal Plain species was known 
only from the Carter Caves area (Carter Co.), 
until found by the senior author in Jessamine 
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Gorge during 1986. At both localities, it occurs 
on dry, rocky limestone sites. In Jessamine 
Gorge, several hundred plants occur on 2 of 
the sharpest southwest-facing points, together 
with Cerastium arvense and other rare species 
(see Vegetation section). It grows with Pachis- 
tima in Jessamine Gorge and in the Carter 
Caves area. 

Viburnum molle. This species of the mid- 
western U.S. has been reported from about 15 
Kentucky counties, but the only confirmed rec- 
ords are from gorges along the Kentucky River 
within the Inner Bluegrass Region. It is scat- 
tered in much of Jessamine Gorge, but at low 
density. Only 10-20 plants have been seen, 
mostly in moist forest near streams and on 
steep rocky slopes. Its peeling, reddish bark is 
a distinctive character that usually is not de- 
scribed. 

Waldsteinia fragarioides. This species of the 
north-central U.S. has been reported from 18 
Kentucky counties, including var. parviflora 
in the southeast. However, there are few rec- 
ords within these counties. There are only 4 
records from the Bluegrass Region. In Jessa- 
mine Gorge, a single patch of about 20 m? was 
found on a small point with Juniperus. It did 
not flower here in 1986 or 1987, but cultivated 
transplants flowered in 1988 and proved to be 
var. fragarioides. 

Other species of biogeographic interest in 
Jessamine Gorge, though not uncommon in the 
state, are as follows. Some are widespread in 
mixed mesophytic forest of the Appalachian 
Region, but rare in the Bluegrass region. These 
include Iris cristata, Viola canadensis, Monar- 
da clinopodia, Meehania cordata and Aster 
macrophyllus, most of which occur here on 
floodplains or terraces (except the Aster, which 
occurs on upper slopes). More frequent species 
here that have a largely Appalachian range 
include Poa cuspidata, Silene rotundifolia, 
Aesculus flava and Tilia heterophylla (mixed 
with T. americana). Rhus typhina, a species 
of the northeastern U.S., is near the southern 
edge of its known range in Jessamine County; 
it occurs in a few old fields on ridges and flood- 
plains adjacent to Jessamine Gorge. Ribes mis- 
souriensis, a species of the mid-western U‘S., 
is near the eastern edge of its known range in 
Jessamine County; it occurs in open forest on 
dry rocky sites. Ulmus alata and Andropogon 
gyrans (A. elliottii of Fernald (8)), which are 


widespread in southern Kentucky and else- 
where in the southeastern U.S., are reported 
here for the first time in the Bluegrass Region. 
These two species occur together on a rocky 
ridge in an old field succeeding to Juniperus. 


Vegetation: The Topographic 
Gradient in Composition 

The general gradient of forest composition 
is illustrated by the plot data shown in Table 
2. Plots are ranked in accord with the major 
compositional gradient within gorge forests (4). 
Emphasizing dominant species, this gradient 
is from Juniperus virginiana on the driest or 
most recently disturbed sites; to Quercus 
muhlenbergii with species of Fraxinus, Ulmus 
and Carya on dry slopes or in successional for- 
est; to an Acer saccharum-Quercus muhlen- 
bergii transition; to A. saccharum with Quer- 
cus rubra and Fagus grandifolia on relatively 
moist, undisturbed sites; to Acer negundo or 
A. saccharinum on floodplains. More detailed 
interpretation of this topographic gradient and 
successional trends has been presented else- 
where (4). The following notes describe the 
vegetation types within Jessamine Gorge. More 
complete species lists are provided by the Ap- 
pendix. 

Floodplains.—The typical soil series on 
floodplains (10) is Huntingdon silt loam (or the 
shallower Boonesboro silt loam further up- 
stream), which generally has circumneutral pH 
and high fertility (Table 1). In riffles and on 
gravel bars next to the creek, there are patches 
of Justicia americana (18). Saururus cernuus 
also forms a few patches in the creek where 
the current is slower. Fresh alluvial deposits 
are colonized by several annual species, in- 
cluding Polygonum spp., Impatiens capensis, 
Pilea pumila and Bidens spp. On stable banks 
and low terraces, dominant trees are Platanus 
occidentalis and Acer negundo, plus A. sac- 
charinum within 1 km of the Kentucky River. 
Common small trees and shrubs, mostly con- 
centrated in the transition to slopes and ter- 
races, include Asimina triloba, Lindera ben- 
zoin, Carpinus caroliniana and Hydrangea 
arborescens. Abundant herbaceous species in- 
clude Elymus sp. (“interior” of Ralph Brooks, 
pers. comm.), Laportea canadensis, Impatiens 
pallida, Cryptotaenia canadensis, Osmorhiza 
longistylis, Hydrophyllum spp., Viola striata, 
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Phlox paniculata, Valeriana pauciflora and 
Rudbeckia laciniata. Several uncommon La- 
miaceae are also concentrated in the transition 
from floodplain to slopes or terraces: Synandra 
hispidula, Monarda clinopodia, Stachys tenu- 
ifolia and Meehania cordata (the latter in tran- 
sitions to terraces with Fagus). 

Terraces.—At the bases of some slopes, es- 
pecially on the convex sides of bends in the 
creek, there are terraces covering up to 5,000 
m2. These areas do not have soils mapped dif- 
ferently from slopes in the county soil survey 
(10). However, close observation suggests that 
the Elk silt loam, which is mapped over more 
extensive areas on the Kentucky River bottom, 
does extent up into tributaries like Jessamine 
Creek on these small terraces. This series is 
formed on old weathered riverine alluvium, 
still moderately fertile, but distinctly acid in 
some areas. Soil cores taken on selected sites 
illustrate this trend (Table 1). Under the Fagus 
trees by Leatherwood Creek (Sample No. 2), 
soil pH is as low as 5; K and N levels are also 
lower than average slope or floodplain levels. 
The other samples (nos. 1 and 3) have vege- 
tation and soils that are transitional to typical 
slope and floodplain conditions, respectively. 
The vegetation on these small terraces is typ- 
ified by small concentrations of Fagus gran- 
difolia (up to 5-10 large trees) and Lirioden- 
dron tulipifera, occasionally with Quercus alba 
and Sassafras albidum. (Two mosses are also 
distinctive: Aulacomnium heterostichum and 
Bartramia pomiformis.) These species are un- 
common in the gorge area. Otherwise, the 
woody species composition on these terraces is 
not much different from slopes, and the wide- 
spread Acer saccharum is often dominant. Fre- 
quent herbaceous species include Carex rosea, 
Erythronium americanum, Smilacina race- 
mosa, Isopyrum biternatrum, Hepatica acu- 
tiloba, Podophyllum peltatum, Claytonia vir- 
ginica, Stellaria pubera var. sylvatica, Dentaria 
laciniata, Rhus radicans, Parthenocissus quin- 
quefolia, Erigenia bulbosa, Polemonium rep- 
tans, Phlox divaricata, Galium concinnum, 
Solidago flexicaulis and Aster shortii. The lo- 
cal abundance of Podophyllum, Phlox and 
Polemonium is distinctive, compared to typ- 
ical slope forest. 

Moist Slopes.—The soil series on most slopes 
is Fairmount flaggy silt loam, mixed with rock 
outcrops (10). This has a depth of up to 30-50 


cm, pH of about 6-7, and highly variable fer- 
tility (Table 1). On lower slopes and on north 
to northeast aspects, the typical dominant in 
the most mature, undisturbed forest is Acer 
saccharum, with Quercus rubra often codom- 
inant. Frequent associates include Quercus 
muhlenbergii, Fraxinus americana, Tilia spp. 
and, in a few areas, Aesculus flava. Frequent 
small trees and shrubs include Ostrya virgin- 
iana, Staphylea trifolia, Cornus florida and 
Ribes cynosbati, though these species are most 
common in transitions to drier slopes. Frequent 
herbaceous species include Cystopteris spp., 
Polystichum acrostichoides, Brachyelytrum 
erectum, Carex albursina, C. jamesii, Ery- 
thronium spp., Arisaema atrorubens, Smila- 
cina racemosa, Trillium sessile, Tradescantia 
subaspera, Asarum canadense, Isopyrum bi- 
ternatum, Hepatica acutiloba, Jeffersonia di- 
phylla, Sanguinaria canadensis, Dicentra spp., 
Dentaria laciniata, Stellaria pubera var. syl- 
vatica, Sedum ternatum, Saxifraga virginien- 
sis, Geum canadense, Euonymus obovatus, 
Viola sororia, Sanicula gregaria, Osmorhiza 
claytoni, Thaspium barbinode, Hydrophyl- 
lum macrophyllum, Phacelia bipinnatifida, 
Galium aparine, Eupatorium rugosum, Soli- 
dago flexicaulis and Prenanthes altissima. The 
vegetation of moist and dry slopes intergrade 
considerably, and the division made here is 
somewhat arbitrary. 

Dry Slopes.—The driest sites are on upper 
slopes with a south or southwest aspect. The 
typical dominant on these sites is Quercus 
muhlenbergii, with Fraxinus quadrangulata, 
Ulmus thomasii and Juniperus virginiana 
often abundant as well. However, most slopes 
have vegetation transitional between the dry 
and moist extremes outlined here. Acer sac- 
charum is often abundant in the understory, 
probably replacing Q. muhlenbergii in some 
successional stands, but not on the driest sites 
(4). Frequent small trees and shrubs on dry 
slopes include Cercis canadensis, Rhamnus 
caroliniana, Viburnum rufidulum and V. raf- 
inesquianum. Frequent herbaceous species in- 
clude Diarrhena americana, Poa cuspidata, 
Bromus altissimus, Elymus hystrix, Muhlen- 
bergia sobolifera, Panicum boscii, Carex 
pensylvanica, Uvularia perfoliata, Polygon- 
atum biflorum, Dioscorea quaternata, Thalic- 
trum dioicum, Aquilegia canadensis, Arabis 
laevigata, Stellaria pubera var. pubera, Ble- 
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philia ciliata, Galium circaezans, Senecio 
obovatus, Solidago ulmifolia, Aster shortii and 
Polymnia canadensis. Some areas are rela- 
tively grassy, with Diarrhena locally domi- 
nant. Moister, successional stands with Q. 
muhlenbergii, generally on deeper soils near 
farmland, are often distinctive due to the pres- 
ence of Aesculus glabra, Celtis occidentalis, 
Juglans nigra, Prunus serotina, Symphoricar- 
pos orbiculatus and herbs like Delphinium tri- 
corne, Corydalis flavula, Phacelia purshii and 
Salvia lyrata. 

Dry Points and Clifftops.—These sites have 
stunted forest, with more open canopy, and 
some completely open ledges. There are about 
20 distinct “points” in the gorge (Fig. 1), often 
leading down to bends in the creek or to mouths 
of tributaries. The soils and vegetation types 
on these points are highly heterogeneous, es- 
pecially where the driest ridgetops are adja- 
cent to north-facing cliffs. Some data suggest 
that P levels can be unusually low, compared 
to typical slopes (Table 1; see also (5)). As noted 
above, several rare species are restricted to these 
points. Similar vegetation occupies a narrow 
zone above cliffs in some areas, but without 
the rare species. The woody species composi- 
tion differs little from dry upper slopes else- 
where in the gorge, except for the greater 
abundance of more drought-tolerant species 
like Juniperus, which extends to relatively low 
elevations on the points. Also, there is more 
shrubby growth of Physocarpus opulifolius, 
Rosa _ carolina, Zanthoxylum americanum, 
Ptelea trifoliata and Rhus aromatica. Char- 
acteristic plants in crevices and on clifftops are 
Asplenium ruta-muraria, A. resiliens, Pellaea 
glabella, Draba ramossissima, Houstonia ni- 
gricans and Penstemon hirsutus. Flatter rock 
surfaces, sometimes with temporary puddling 
in depressions, are characterized by Arenaria 
patula and Sedum pulchellum. On ledges with 
thin soil (1-5 em deep), Carex eburnea is the 
typical dominant, forming dense mats in places. 
Characteristic associates include Pellaea atro- 
purpurea, Allium cernuum, Clematis viorna, 
Phlox bifida and Houstonia canadensis; the 
rare Pachistima canbyi and Viola walteri also 
occur at a few sites. On slightly moister or 
shadier sites, typical species include Polypo- 
dium polypodioides, Danthonia spicata, Schi- 
zachne purpurascens, Carex pensylvanica, 
Cerastium arvense, Aquilegia canadensis, Sol- 


idago sphacelata and Aster oblongifolius (often 
dominant in the open). This vegetation grades 
into rocky forest with such widespread species 
as Asplenium platyneuron, Elymus hystrix, 
Thalictrum dioicum, Silene caroliniana, 
Triosteum aurantiacum and Helianthus mi- 
crocephalus. 

Flatter Ridges and Blufftops.—On gentler 
slopes above the cliffs and below the farmland, 
there is a forested zone generally 20-100 m 
wide. Here, the soil and vegetation do not dif- 
fer much from the steeper slopes. However, a 
few areas have an admixture of typical oak- 
hickory forest species, which are more wide- 
spread in regions with less fertile soils outside 
the Inner Bluegrass. These species include 
Quercus alba, Q. velutina, Q. stellata, Q. im- 
bricaria, Carya ovata, C. glabra and C. to- 
mentosa. Cornus florida is frequent in the 
shrub layer. Diospyros and Sassafras occur in 
more open or successional stands. Herbaceous 
species with a similar local concentration in- 
clude Paronychia canadensis, Potentilla sim- 
plex, Lespedeza procumbens, L. intermedia, 
Desmodium rotundifolium, Oxalis violacea, 
Viola triloba, Cynoglossum virginianum, 
Conopholis americana and Sphenopholis ni- 
tida. Also present in some areas are species 
typical of the more acid terraces along Jessa- 
mine Creek (see above). Possible relationships 
between the vegetation and more leached soils 
on these upper slopes, or old high terrace de- 
posits, need to be studied further (4). 


DiIscussION 


Jessamine Gorge has almost all of the rarer 
species known in the central Palisades section 
of the Kentucky River valley. Not yet found 
here, though to be expected, is the northern 
grass, Oryzopsis racemosa (=Piptatherum r.), 
which occurs on rocky points 3-5 km (2-3 
miles) away, near populations of Schizachne 
purpurascens. Another northern grass, Des- 
champsia cespitosa var. glauca, was recently 
found by the senior author on rocky riverbanks 
2-5 km upstream from Jessamine Gorge, where 
it occurs with Solidago rupestris (see above). 

The rare species typical of this central Pal- 
isades section do not include many that are 
typical of the Lexington Limestone outcrops, 
which overlie the High Bridge Group of rocks. 
These other species mostly have concentrations 
in and around Franklin County. They include 
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Arabis hirsuta var. pycnocarpa, A. perstellata, 
Elymus svensonii, Festuca rubra, Lesquerella 
globosa, Lonicera prolifera, Onosmodium his- 
pidissimum, Satureja glabella and Tragia cor- 
data. The only species listed here as “rare” 
that are known in both geological areas are 
Arenaria fontinalis, Draba ramosissima, Sol- 
idago rupestris, Synandra hispidula, Ulmus 
thomasii and Viburnum molle. Elymus sven- 
sonii has also been found at a few sites within 
the central Palisades, but there appears to be 
much introgression with Elymus hystrix (J. 
Campbell and M. Medley, in prep.). 

Several northern species in the central Pal- 
isades are near the southern edges of their 
ranges. Some of these are disjunct by more than 
100 km from known sites further north, no- 
tably Trillium nivale, Schizachne purpuras- 
cens and Cerastium arvense. Other species at 
the edges of their ranges are largely Appala- 
chian, e.g., Pachistima canbyi, Viola walteri 
and Draba ramosissima, or mid-western, e.g., 
Phlox bifida. In contrast, there are no truly 
southern species here, as can be found on lime- 
stone slopes in the Cumberland River system 
of southern Kentucky, e.g., Philadelphus spp., 
Carya_ carolinae-septentrionalis, Lithosper- 
mum tuberosum and Tragia urticifolia (19). 
More detailed comparison of the Kentucky 
River and Cumberland River floras is needed 
to document this shift in phytogeographic af- 
finities more thoroughly, and to consider 
whether it can be attributed to glacial history. 

Most of the rare species with northern to 
mid-western ranges occur here on rocky slopes 
or points (see Flora section above), whereas 
most species centered on the Appalachian Re- 
gion (broadly defined) occur here on moister 
slopes and bottoms. However, Pachistima can- 
byi, Viola walteri and Draba ramosissima are 
exceptions, since they occur on dry limestone 
sites mostly within the Appalachian Region. 
The distribution of Pachistima is particularly 
interesting. Seed production has rarely been 
observed in the wild (there are no reports from 
Kentucky). Its scattered clonal populations are 
best interpreted as relicts from some previous 
era when conditions were more favorable for 
it (2). The environment of the dry, exposed 
limestone points where it now occurs may re- 
semble those hypothetical conditions. 

The topographic gradient outlined above is 
similar in many respects to the typical topo- 


graphic gradient on less base-rich soils else- 
where in Kentucky. However, there is a gen- 
eral floristic shift from non-calcareous to 
calcareous soils. In the case of tree species com- 
position, this shift has been clearly demonstrat- 
ed with quantitative data (20). Thus, the small 
concentrations of more acidophilous tree species 
on terraces and blufftops within the gorge area 
may be interpreted in terms of locally more 
acid or less fertile soils. However, there has 
been very little research on such chemical re- 
lationships within the Bluegrass Region. 

The narrow, rocky points with clusters of 
rare species present a special problem. What 
environmental factors on such sites could be 
important for maintaining these species? 
Clearly, soil moisture-levels are typically low. 
However, extremely dry conditions also exist 
along the narrower clifftops between the points, 
where the rare species do not occur. One im- 
portant factor may be that, towards the ends 
of the points, there is less seepage and erosion 
from upper slopes, compared to the normal 
clifftops. Thus, special factors in some of the 
High Bridge bedrocks might be more pro- 
nounced, e.g., Mg in the dolomite and lower 
P levels. Also to be considered is the reduction 
in broad-leaf litter, due to wind blowing it 
away from these exposed sites, and due to the 
dominance of needle-leaved Juniperus virgin- 
iana. Low-growing evergreen species like 
Pachistima and Phlox bifida may be adversely 
affected by broad-leaf litter cover. In the case 
of Cerastium arvense, another special factor 
may be disturbance along the small paths made 
by wild animals and people down these points. 
This species often is concentrated at the edges 
of these paths, and further north it is a frequent 
weed in open ground (8, 15). 

Succession and forest dynamics are also 
promising subjects for further study here. It is 
likely that most of forest has been cut over at 
some time during the past 200 years, except 
for stunted forest on drier sites. Also, there have 
been some fires, as indicated by scattered 
charred stumps of Juniperus on clifftops. In 
contrast, some areas are dominated by trees 
whose size indicates an age of at least 100-150 
years, especially moist sites with canopy trees 
of Acer saccharum, Quercus rubra and Fagus 
grandifolia that are 60-80 cm dbh (4). How- 
ever, there is no general increase in basal area 
from plots dominated by Quercus muhlen- 
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bergii to plots dominated by Acer saccharum; 
the mean remains about 20 m?/ha (Table 1). 
More detailed analysis with data from other 
sites suggests some oscillation in basal area dur- 
ing succession (4, and unpubl.). It is likely that 
the thin unstable soils and rocks of the gorge 
slopes prevent basal areas from reaching the 
levels of about 30 m*/ha found in young and 
old mixed mesophytic forests elsewhere in 
Kentucky (21, 22). Continual natural openings 
within old forests may even maintain some 
species. For example, Cladrastis generally oc- 
curs in moist mature forest, but it is concen- 
trated near rock outcrops, where there are small 
but stable openings (4). 

There is littke danger of direct human dis- 
turbance on the steeper gorge slopes. Some 
minor damage from garbage dumping has been 
stopped. However, there have been proposals 
for an impoundment on the Kentucky River, 
which would eliminate much of the floodplain 
and terrace vegetation. Also, there is increasing 
danger from construction of houses on flatter 
ground near the blufftops, which may lead to 
more foot-traffic on ridges, points and bottoms, 
and to threats on water quality. Preservation 
of areas above the cliffs is a sensible long-term 
policy, to provide a buffer zone around the 
gorge, and to preserve some added biological 
features on the uplands. Small disturbed rem- 
nants of natural vegetation on the flatter up- 
lands of the Inner Bluegrass have generally not 
been sought by local conservation organiza- 
tions, because of high land prices, and because 
many of the endangered species of this region 
have already been virtually eliminated. 
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APPENDIX: FLORA OF JESSAMINE GORGE 
(INCLUDING ADJACENT FIELD MarGINs) 


Nomenclature and arrangement of taxa generally follow 
Fernald (8), except that a few names, indicated in paren- 
theses, have more correct substitutes. Closely related taxa 
that are difficult to separate, at least in the field, are in- 
dicated by “|” at the left margin. The abbreviations “v.” 
and “‘var.”’ are used for “variety.” Species that have not 
been seen by the authors, but which have been reported 
or collected before 1960, mostly by McFarland (6), are 
listed in brackets. E in the left margin indicates exotics. 
Frequency is shown by the following symbols after the 
species’ names: I = infrequent; O = occasional; C = com- 
mon; A = abundant. The numbers are per cent occurrences 
in 32 circular plots of 10 m radius or 15 m radius for tree 
species. 

Typical habitat is indicated by the following symbols. 
W = wet soil in streams or seeps. F = creek floodplain; 
Fr = river floodplain at mouth of creek. T = terraces. M 
= moist slopes. D = dry slopes. P = driest points and 
clifftops. U = upper slopes and flatter areas above cliffs. 
R = on rock outcrops and cliffs; Rh = in rockhouses or 
under cliffs, Species of fields or open rock outcrops are 
indicated by two asterisks (**), while those typical of par- 
tial openings or thickets are indicated by single asterisks 
(*); otherwise, species are typical of forest. 


FERNS AND ALLIES 


Ophioglossaceae 
Botrychium virginianum O 16M 
B. dissectum I U 
Polypodiaceae 
Woodsia obtusa O 25 D-M 
Cystopteris bulbifera C 25 MR 


Cystopteris protrusa C 63 M-D 


Dryopteris marginalis 
Phegopteris hexagonoptera 
Polystichum acrostichoides 
Athyrium pycnocarpon 
Asplenium rhizophyllum 
A. resiliens 

A. ruta-muraria 

A. platyneuron 

Adiantum pedatum 
Pellaea atropurpurea 

P. glabella 

Polypodium polypodioides 


GYMNOSPERMS 


Cupressaceae 
Juniperus virginiana 


Monocots 


Alismataceae 
Sagittaria cf. australis 


Poaceae (Gramineae) 
Arundinaria gigantea 
Leersia virginica 
Diarrhena americana 
Chasmanthium latifolium 

(Uniola 1.) 

Danthonia spicata 

E Festuca elatior 
F. obtusa 
Poa cuspidata 
P. autumnalis 
P. sylvatica 

EP. pratensis 

EP. annua 
Cinna arundinacea 
Sphenopholis nitida 

E Phleum pratense 
Glyceria striata 
Schizachne purpurascens 
Bromus altissimus (purgans) 

E] B. japonicus 

E| B. racemosus 
Elymus villosus 
E. riparius 
E. “interior” R. Brooks (ms.) 
E. virginicus (sensu stricto) 
E. hystrix (Hystrix patula) 
Tridens flavus 

E Eragrostis pectinacea 
Muhlenbergia sobolifera 
M. frondosa 
M. schreberi 
Brachyelytrum erectum 

E Eleusine indica 
Andropogon virginicus 
A. gyrans (elliottii) 
A. gerardii 
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E Eulalia viminea 

Panicum boscii 

P. commutatum 

P. clandestinum 

P. acuminatum vy. fascicula- 
tum (lanuginosum v. 
fasc.) 

P. linearifolium 

P. flexile 

P. dichotomiflorum 


E_ Echinochloa crus-galli 
EE. muricata 

E_ Setaria viridis 

E_ S. faberi 


Commelinaceae 
E Commelina communis 
Tradescantia subaspera 
T. virginiana 


Liliaceae 

Uvularia grandiflora 
U. perfoliata 

E_ Allium vineale 
A. cernuum 
A. canadense 
A. tricoccum 
Nothoscordium bivalve 
Erythronium albidum 
E. americanum 
Camassia scilloides 
Smilacina racemosa 
Polygonatum canaliculatum 
P. biflorum 
P. pubescens 

E  Ornithogalum umbellatum 
Lilium cf. michiganense 
Trillium sessile 
T. flexipes 
T. nivale 
Smilax rotundifolia 
S. hispida 
S. bona-nox 
S. herbacea 


Cyperaceae 
Cyperus strigosus 
Scirpus atrovirens 
Eleocharis obtusa 
Carex cephalophora 
C. sparganioides 
[C. cristatella] 
C. rosea 
C. pensylvanica 
C. muhlenbergii 

(including var. enervis) 

C. eburnea 
C. careyana 
C. platyphylla 
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C. albursina 

C. blanda 

C. oligocarpa 

C. hitchcockiana 

C. grisea 

C. amphibola 

C. complanata var. hirsuta 
C. jamesii 

C. 


. frankii 


Araceae 
Arisaema atrorubens 
A. dracontium 


Dioscoreaceae 
Dioscorea quaternata 


Amaryllidaceae 
Manfreda virginica 
(Agave v.) 


Iridaceae 
E_ Belamcanda chinensis 
Sisyrichium angustifolium 
S. graminoides 
Iris cristata 


Orchidaceae 
Spiranthes ovalis 
S. gracilis 
S. vernalis 
S. cernua 
Liparis liliifolia 
Tipularia discolor 
Goodyera pubescens 


Dicots 


Saururaceae 
Saururus cernuus 


Salicaceae 
Salix nigra 
S. caroliniana 


Juglandaceae 
Juglans nigra 
J. cinerea (now all dead?) 
Carya tomentosa 
C. laciniosa 
C. ovata 
C. glabra (incl. ovalis) 
C. cordiformis 


Betulaceae 
Ostrya virginiana 
Carpinus caroliniana 


Fagaceae 
Fagus grandifolia 
Quercus muhlenbergii 


Q. alba 
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. stellata 

imbricaria 
imbricaria * rubra 
. velutina 

rubra 


. shumardii 


DOO000 


Ulmaceae 
Ulmus americana 
U. rubra 
U. thomasii 
U. alata 
Celtis occidentalis 


C. occidentalis < tenuifolia 


C. tenuifolia 


Moraceae 
Morus rubra 
E Maclura pomifera 


Urticaceae 
Laportea canadensis 
Urtica chamaedryoides 
Pilea pumila 
Boehmeria cylindrica 
Parietaria canadensis 


Loranthaceae 
Phoradendron flavescens 


Aristolochiaceae 
Asarum canadense 


Polygonaceae 
E  Rumex acetosella 
ER. crispus 


E_ R. obtusifolius 
Polygonum virginianum 
P. aviculare 

P. pensylvanicum 
P. caespitosum 

P. persicaria 
iB 
PB. 
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. punctatum 
. hydropiperoides 
P. scandens 


Phytolaccaceae 
Phytolacca americana 


Aizoaceae 
E  Mollugo verticillata 


Chenopodiaceae 
E Chenopodium album 
EC. ambrosioides 


Amaranthaceae 
E Amaranthus retroflexus 
E_ A. spinosus 


Portulacaceae 
Claytonia virginica 
Portulacca oleracea 
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Caryophyllaceae 
Paronychia canadensis 
Arenaria patula 
A. fontinalis 
E_ Stellaria media 


Stellaria pubera vy. sylvatica 


S. pubera var. pubera 
Cerastium arvense 
C. nutans 
C. vulgatum 
E Lychnis alba 
Silene stellata 
S. carolinana var. wherryi 
S. virginica 
S. rotundifolia 
E Saponaria officianalis 
E Dianthus armeria 


Ranunculaceae 
Ranunculus hispidus 
R. recurvatus 
R. abortivus 
R. micranthus 
Thalictrum dioicum 
Anemonella thalictroides 
Hepatica acutiloba 
Anemone virginiana 
Clematis viorna 
Isopyrum biternatum 
Aquilegia canadensis 
Delphinium tricorne 

ED. ajacis 

Actaea pachypoda 


Berberidaceae 
Podophyllum peltatum 
Jeffersonia diphylla 


Caulophyllum thalictroides 


Menispermaceae 


Menispermum canadensis 


Magnoliaceae 
Liriodendron tulipifera 


Annonaceae 
Asimina triloba 


Lauraceae 
Sassafras albidum 
Lindera benzoin 


Papaveraceae 
Sanguinaria canadensis 
Stylophorum diphyllum 


Fumariaceae 
Dicentra cucullaria 
D. canadensis 
Corydalis flavula 
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Brassicaceae (Cruciferae) 


E 


too] leo] 


| 


Draba verna 

D. ramosissima 
[Lesquerella globosa] 
Thlaspi perfoliatum 
Lepidium virginicum 
Capsella bursa-pastoris 
Hesperis matronalis 
Nasturtium officianale 
Barbarea vulgaris 
Iodanthus pinnatifudus 
Dentaria diphylla 

D. laciniata 
Cardamine douglasii 
C. bulbosa 

C. hirsuta 

Arabis laevigata 


Crassulaceae 


Sedum ternatum 
S. pulchellum 


Saxifragaceae 


Saxifraga virginiensis 
Heuchera villosa 

var. macrorhiza 
H. americana 
Mitella diphylla 
Hydrangea arborescens 
Ribes cynosbati 
R. missouriensis 


Hamamelidaceae 


Hamamelis virginiana 


Platanaceae 


Platanus occidentalis 


Rosaceae 


ica} 


Physocarpus opulifolius 

Fragaria virginiana 

Waldsteinia fragarioides 
var. fragarioides 

Duschesnea indica 

Potentilla recta 

P. norvegica 

P. simplex 

Geum vernum 

G. canadense 

Rubus occidentalis 

Rubus Section Argutae 

Agrimonia pubescens 

A. rostellata 

A. parviflora 

Rosa carolina 

(R. palustris] 

Prunus mahaleb 

P. serotina 

P. virginiana 

P. americana var. lanata 
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Fabaceae (Leguminoseae) 


5 


Gymnocladus dioica 
Gleditsia triacanthos 
Cassia marilandica 
Cercis canadensis 
Cladrastis kentukea 
Trifolium pratense 

T. repens 

Melilotus alba 
Robinia pseudo-acacia 
Lespedeza violacea 

L. procumbens 

L. intermedia 
Desmodium glutinosum 
D. pauciflorum 

D. rotundifolium 

D. paniculatum 

D. perplexum 

Apios americana 
Vicia cf. villosa 

V. caroliniana 


Oxalidaceae 


Oxalis grandis 

O. fontana (europea) 
O. dillenii (stricta) 
O. violacea 


Geraniaceae 


Geranium maculatum 
G. carolinianum 


Rutaceae 


Ptelea trifoliata 


Zanthoxylum americanum 


Polygalaceae 
Polygala senega v. latifolia 


Euphorbiaceae 


Euphorbia commutata 


E_ E. dentata 


E. nutans (maculata) 


Simaroubaceae 
E_ Ailanthus altissima 


Anacardiaceae 


Rhus typhina 
R. glabra 

R. aromatica 
R. radicans 


Celastraceae 


Euonymus obovatus 
E. atropurpureus 

E. americanus 

E. fortunei 
Pachistima canbyi 
Celastrus scandens 


Staphyleaceae 


Staphylea trifolia 
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Aceraceae 
Acer saccharum var. s 
A. Ss. var. nigrum 
A. s. var, rugellii 
A. saccharinum 
A. negundo 


Hippocastanaceae 
Aesculus glabra 
A, flava (octandra) 


Balsaminaceae 
Impatiens pallida 
I. capensis 


Rhamnaceae 
Rhamnus caroliniana 
R. lanceolata 
ER. cathartica 


Vitaceae 
Vitis vulpina 
| V. cf. riparia 
V. aestivalis 
Parthenocissus quinquefolia 


Tiliaceae 
Tilia americana 
T. heterophylla 


Clusiaceae (Guttiferae) 
Hypericum punctatum 
H. prolificum 
[H. sphaerocarpum|] 


Violaceae 
Hybanthus concolor 
Viola papilionacea 

| V. sororia 

V. palmata vy. p. (V. triloba) 
V. palmata vy. dilatata 

(V. palmata) 

canadensis 

. pubescens 

. pensylvanica 

. striata 

. walteri 

. rafinesqueii 
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Passifloraceae 
Passiflora lutea 


Cactaceae 
Opuntia compressa 
(humifusa) 


Thymeleaceae 
Dirca palustris 


Lythraceae 
Cuphea petiolata 


Onagraceae 
Circaea canadensis 
(quadrisulcata) 
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[Epilobium coloratum] 
Gaura biennis 
Oenothera biennis 


Apiaceae (Umbelliferae) 

Sanicula gregaria 
S. trifoliata 
S. canadensis 
Chaerophyllum procumbens 
Osmorhiza claytoni 
O. longistylis 

E_ Torilis japonica 
Erigenia bulbosa 

E  Conium maculatum 
Taenidia integerrima 
Zizia aptera 
Cicuta maculata 
Cryptotaenia canadensis 
Thaspium barbinode 
T. trifoliatum var. flavum 

E_ Pastinacea sativa 

E Daucus carota 


Cornaceae 
Cornus florida 
C. alternifolia 
C. drummondii 
C. obliqua 


Primulaceae 
Dodecatheon meadia 
Samolus parviflorus 
E  Lysimachia nummularia 
L. quadrifolia 
L. lanceolata 


Ebenaceae 
Diospyros virginiana 


Oleaceae 
Fraxinus pennsylvanica 
var. subintegerrima 
F. americana var. a 
F. a. var. biltmoreana 
F. quadrangulata 


Gentianaceae 
Frasera caroliniensis 
(Swertia c.) 


Apocynaceae 
Apocynum cannabinum 
E Vinca minor 


Asclepiadaceae 
Asclepias syriaca 
A. quadrifolia 
A. incarnata 
Cynanchum albidum 
(Ampelamus a.) 


Polemoniaceae 
Polemonium reptans 
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Phlox divaricata 
P. paniculata 
P. bifida ssp. stellaria 


Hydrophyllaceae 
Hydrophyllum macrophyl- 
lum 
H. canadense 
H. appendiculatum 
Phacelia purshii 
P. bipinnatifida 


Boraginaceae 
E Lithospermum arvense 
Myosotis macrosperma 
Cynoglossum virginianum 
Mertensia virginica 


Verbenaceae 
Verbena simplex 
V. urticifolia 
Phyla lanceolata (Lippia |.) 


Lamiaceae (Labiatae) 
Scuttellaria ovata var. ovata 
S. elliptica var. hirsuta 
S. lateriflora 
Meehania cordata 
E  Nepeta cataria 
E_ Glechoma hederacea 
Prunella vulgaris 
var. lanceolata 
E  Lamium amplexicaule 
EL. purpureum 
Stachys tenuifolia v. hispida 
Salvia lyrata 
Monarda fistulosa 
M. clinopodia (broad- 
leaved form) 
Blephilia ciliata 
Hedeoma pulegioides 
Collinsonia canadensis 
E Perilla frutescens 
E Mentha spicata 
Teucrium canadense 
var. virginicum 
E Leonurus cardiaca 
Synandra hispidula 
Agastache nepetoides 


Solanaceae 
E Solanum nigrum 
Physalis subglabrata 
P. heterophylla var. h. 
E_ Datura stramonium 


Convolvulaceae 
E Ipomoea hederaefolia 
I. lacunosa 
[Gonolobus obliquus] 
(Matelea o.) 
Cuscuta cf. campestris 
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Scrophulariaceae 

E Verbascum thapsus 

EV. blattaria 
(Chelone glabra var. g.] 
Penstemon hirsutus (and 

tenuiflorus?) 

P. calycosus 
Scrophularia marilandica 
(Collinsia verna] 
Mimulus alatus 

E Veronica arvensis 

EV. hederaefolia 
Dasystoma macrophylla 


Bignoniaceae 
Campsis radicans 
Bignonia capreolata 


Orobanchaceae 
Epifagus virginiana 
Conopholis americana 


Acanthaceae 
Ruellia strepens 
R. caroliniana 
R. humilis 
Justicia americana 


Phrymaceae 
Phryma leptostachya 


Plantaginaceae 
Plantago rugelii 
P. virginica 
P. aristata 
EP. lanceolata 


Rubiaceae 

Galium aparine 

G. triflorum 

G. circaezans 

G. concinnum 

Houstonia purpurea 
var. calycosa 

H. cf. longifolia (or cana- 
densis purpurea?) 

H. canadensis 

H. nigricans (broad-leaved) 


Caprifoliaceae 
E Lonicera maackii 
EL. japonica 
L. dioica 
Symphoricarpos orbiculatus 
Viburnum prunifolium 
V. rufidulum 
V. molle 
V. rafinesquianum 
var. affine 
Triosteum angustifolium 
T. aurantiacum 
Sambucus canadensis 
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Valerianaceae 
Valeriana pauciflora 


Valerianella intermedia 


Dipsacaceae 
E Dipsacus sylvestris 
ED. laciniata 


Cucurbitaceae 
Sicyos angulata 


Campanulaceae 
Specularia perfoliata 
Campanula americana 
Lobelia siphylitica 
L. inflata 
L. spicata 


Asteraceae (Compositae) 

Vernonia gigantea 
(altissima) 

Eupatorium fistulosum 
E. purpureum 
E. perfoliatum 
E. altissimum 
E. sessilifolium 
E. rugosum 
E. coelestinum 
[E. incarnatum] 


Brickellia eupatorioides 


(Kuhnia e.) 
Solidago caesia 
S. flexicaulis 
S. sphacelata 
S. nemoralis 
S. ulmifolia 
S. altissima 
S. gigantea 
S. rupestris 
Aster divaricatus 
A. macrophyllus 
A. shortii 
A. cordifolius 
A. oblongifolius 
A. prenanthoides 
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A. pilosus 

A. ontarionis 

A. cf. simplex 

Erigeron philadelphicus 

E. annuus 

Antennaria plantaginifolia 

Gnaphalium obtusifolium 

[G. purpureum] 

Ambrosia trifida 

A. artemisifolia 

Xanthium strumarium (s.1.) 

Silphium perfoliatum 

Polymnia canadensis 

P. uvedalia 

Rudbeckia laciniata 

R. triloba 

Helianthus tuberosus 

H. microcephalus 

H. hirsutus 

Verbesina alternifolia 
(Actinomeris a.) 

V. virginica 

V. occidentalis 

Bidens bipinnata 

B. comosa 

Galinsoga ciliata 

Helenium autumnale 

Anthemis cotula 

Achillea millefolium 

Chrysanthemum leucanthe- 
mum 

Artemisia annua 

Senecio obovatus 

S. anomalus (smallii) 

Elephantopus carolinianus 

Arctium minus 

Carduus nutans 

Cirsium discolor 

C. arvense 

Cichorium intybus 

Taraxacum officinale 

Lactuca floridana 

L. serriola 

Prenanthes altissima 
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Kentucky Records for Basidiomycete Fungi 


BRANLEY ALLAN BRANSON 


Department of Biological Sciences, Eastern Kentucky University, 
Richmond, Kentucky 40475 


ABSTRACT 


Distributional records are presented for 15 families, 36 genera, and 96 species of basidiomycete fungi in 


Kentucky 


INTRODUCTION 


As indicated previously (1, 2, 3, 4), the fleshy 
fungi of Kentucky have been inadequately col- 
lected and studied. Published base-line data 
are paultry, even in the near vicinity of our 
state universities. Thus, the following distri- 
butional data for representatives of 15 families, 
36 genera and 96 species of basidiomycete fun- 
gi should be of interest. 


COLLECTING SITES 


In the annotated list that follows the col- 
lecting localities, the sites from which speci- 
mens were obtained follow the species desig- 
nations in parentheses with the collecting dates. 


1. Berea woods and “knobs,” 6.6 km east 
of Berea via SR 21, Madison County, 
Kentucky. The lower section of the area 
has deep, lignin-rich soil and shrubby 
undergrowth, whereas the well-drained 
upland forest consists primarily of hick- 
ories, oaks, some beech, maples, ashes, 
tulip poplar, sweet gum, willows (along 
streams), Virginia and white pines, and 
less soil. Collections were made princi- 
pally on 15 July 1987 but some ancillary 
work was accomplished on various other 
dates (indicated below). 
Lowlands of Pine Mountain State Park 
(near entrance) under low shrubs in leaf 
mold, Bell County, Kentucky; 14 May 
1982. 
Red River Gorge area, Daniel Boone 
National Forest, from the Nada Tunnel 
(SR 77) toa point 6.0 km eastward, Pow- 
ell County, Kentucky; various dates in 
1987 (see below). 
4. Near old-growth trees, mostly ash, tulip 
poplar, sycamore, sugar and red maples, 
elms, and white pines, on and near the 
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12. 


campus of Eastern Kentucky Universi- 
ty, Richmond, Madison County, Ken- 
tucky; various dates in 1987 (see below). 
Big Hill, 16.4 km south of Kingston via 
U.S. Highway 421, Madison County, 
Kentucky. This large, steep hill has con- 
siderable lignin-rich soil, much downed 
timber and woody debris in various 
stages of decay, and heavy growths of 
ferns and mosses. Tulip poplar, maples 
and hickories dominate the woods with 
scattered beech, eastern hemlock, pines 
and rhododendron in evidence. Collec- 
tions were made on various dates in 1987 
(see below). 

Deacon Hills Estates, Richmond, Mad- 
ison County, Kentucky. This urbanized 
area occupies an old farm that retains 
wooded ravines with cedar, Osage or- 
ange, sycamore, coffee tree, locusts, 
hackberry, willows, and some maples. 
Various dates in 1987 (see below). 
Disturbed roadside, 4.9 km north of 
Richmond via SR 60, Madison County, 
Kentucky; 29 September 1986. 
Kentenia State Forest at junction of Lit- 
tle Shepherd Trail and U.S. 421, Harlan 
County, Kentucky; 16 November 1977. 
Under hardwood trees, Lilley Cornett 
Woods, near administration buildings, 
off County Road 1103, Letcher County, 
Kentucky; 3 June 1979. 

Under sugar and red maples, Levi Jack- 
son State Park, Laurel County, Ken- 
tucky; 3 October 1978. 

Central Kentucky Wildlife Manage- 
ment Area, near Kingston, Madison 
County, Kentucky, under oaks; 26 June 
1987. 

Stream-margin woodlot along Silver 
Creek, 7.0 km west of Richmond via 
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Barnesmill Road, Madison County, 
Kentucky. The woods consist principal- 
ly of sycamore, maples, willows, black 
walnut and hackberry; 23 June 1987. 


RESULTS 
Russulaceae 


The russulas and milky caps (Lactarius) are 
some of our most colorful, abundant and com- 
mon woodland mushrooms. Other than various 
field guides, the most important literature on 
the group includes the works of Hesler and 
Smith (5) and Shaffer (6, 7, 8, 9, 10). Five 
species of Lactarius and 8 of Russula are re- 
ported. The numbers in parentheses following 
the species designations are collecting sites and 
dates. 


Lactarius luteolus Pk. (3—23 August 1978). 

Lactarius volemus (Fr.) Fr. (1). 

Lactarius fragilis (Burl.) Hes. and Smith (1). 

Lactarius piperatus (Fr.) S. F. Gray (1). 

Lactarius subplinthogalus Cok. (4—18 June 
1987). 

Russula brevipes Pk. (1—16 August 1987). 

Russula emetica (Schaeff.) $. F. Gray (8— 
6 June 1987; 4—3 July 1987). 

Russula_ fragrantissima Pk. (5—11 July 
1987). 

Russula cf. maculata Fr. (1). 

Russula vesca Fr. (1). 

Russula xerampelina (Schaeff.) 
6 June 1987). 

Russula fragilis (Pers.) Fr. (3—6 June 1987). 

Russula cremoricola Fr. (5—27 June 1987). 


Fr. (1; 3— 


Hygrophoraceae 


Another group of often brightly colored 
mushrooms, this family is both widespread and 
common in Kentucky. The principal reference 
is Hesler and Smith (11). Five species of Hy- 
grophorus and 1 of Hygrocybe are reported. 


Hygrophorus miniatus (Fr.) Fr. (2 ) 

Hygrophorus eburneus (Fr.) Fr. (5— 
1987). 

Hygrophorus flavescens (Kauff.) Sm. and 


27 July 


Hes. (1). 

Hygrophorus flavodiscus Fr. (4—3_ July 
1987). 

Hygrophorus pratensis (Fr.) Fr. (3—11 June 
1987). 

Hygrocybe conica (Fr.) Fr. (11). 


Tricholomataceae 


This large family, embracing more genera 
of gilled mushrooms than any other, is very 
abundant in Kentucky. There are many pub- 
lished monographs (12, 13, 14, 15, 16, 17) and 
some of the field guides (18, 19) are useful for 
this family. Seven species of Marasmius, 3 of 
Collybia, 5 of Mycena, and 1 each of Clitocy- 
be, Laccaria, Leucopaxillus, Oudemansiella, 
Tricholoma and Tricholomopsis are reported. 


Marasmius rotula (Scop.) Fr. (1; 3—9 June 
1987; 5—8 July 1987; 12—3 July 1987). 

Marasmius albuscorticis (Secr.) Sing. (10O— 
3 December 1978). 

Marasmius androsaceus (L.) Fr. (1). 

Marasmius alliaceus (Fr.) Fr. (12). 

Marasmius nigripes (Schw.) Sing. (1). 

Marasmius oreades (Bolt.) Fr. (4—3 and 12 
July 1987; 6—27 July 1987). 

Marasmius perforans Fr. (11). 

Collybia dryophila (Bull.) Kum. (1; 5—27 
July 1987). 

Collybia confluens (Pers.) Kum. (8—16 No- 
vember 1977). 

Collybia alkavirens Sing. (3—6 June 1987). 

Mycena strobilinoides Pk. (5—4 June 1987). 

Mycena maculata = (5—4 June 1987). 


Mycena acicula (Fr.) Quél. (3—11 June 
1987). 

Mycena paucilamellata Smith (3—11 June 
1987). 


Mycena galelericulata (Fr.). S. F. Gray. (5— 
27 July 1987). 

Mycena subcana Smith (1). 

Clitocybe inversa Scop. (1). 

Laccaria ohiensis Fr. (1). 

Lyophyllum descastes (Fr.) Sing. (4—9 May 
1987). 

Leucopaxillus candida Fr. (4—18 July 1987). 
Oudemansiella radicata cal ) Sing. (4—18 
and 27 July 1987; 11—26 June 1987). 
Tricholoma pardinum (Quél.) (3—11 June 

1987). 
Tricholomopsis platyphylla (Pers.) Sing. (3— 
11 June 1987). 


Pluteaceae 


The members of this family are very com- 
mon spring and summer mushrooms around 
and on decaying wood in shaded situations. 
Some important literature includes Homola (20) 
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and Shaffer (21). Two species of Pluteus and 
1 of Volvariella are reported. 


Pluteus cervinus (Schff.) Kumm. (1; 3—11 
June 1987; 4—18 July 1987; 5—3 June 
and 18 July 1987). 

Pluteus longistriatus Pk. (1). 

Volvariella speciosa (Fr.) Sing. (83—6 June 
1987; 4—18 July 1987). 


Lepiotaceae 
The parasol mushrooms are some of the most 
colorful and dainty gill fungi found in lawns, 
gardens, and along the margins of woodlots. 
Some of the most helpful guides include 18, 
19, 22 and 23. Eleven species of Lepiota are 
reported. 


Lepiota lutea (Bolt.) Quel. (lO—16 August 
1987). 

Lepiota americana Pk. (4—22 July 1987). 

Lepiota cepaestipes (Sow.) Pat. (4—8 July 
1987). 

Lepiota clypeolaria (Bull.) Kum. (1; 4—22 
July 1987). 

Lepiota cristata (Fr.) Kum. (1; 5—27 July 
1987; 6—18 July 1987). 

Lepiota eriophora (Fr.) Fum. (1). 

Lepiota friesii Lasch. (1). 

Lepiota lilacinogranulosa (Henn.) Locq. 
(1—8 September 1987). 

Lepiota naucina (Fr.) Kum. (6—22 July 
1987). 

Lepiota rubrotincta Pk. (1). 

Lepiota seminuda Fr. (4—7 July 1987). 


Coprinaceae 


These droopy capped mushrooms are very 
common and can appear almost anywhere 
during spring through fall. They are most com- 
mon around and on decaying wood but they 
also grow on lignin-rich soil. Some of the more 
important references include 24, 25, and 26. 
Four species of Psathyrella and 10 of Coprinus 
are reported. 


Psathyrella hydrophila (Fr.) Maire (1; 3— 
11 June 1987). 

Psathyrella candolleana (Fr.) Maire (883— 
11 June 1987). 

Psathyrella foenisecii (Fr.) A.H.S. (6—18 
July 1987). 

Coprinus disseminatus (Pers.) S. F. Gray (1; 
4—19 April and 8 July 1987). 


Coprinus quadrifidus Pk. (4—16 June 1987; 
6—17 July 1987; 7—26 September 1987). 

Coprinus breviamus Smith and Web. (4— 
9 July 1987). 

Coprinus atramentarius (Bull.) Fr. (6—8 
October and 3 December 1987). 

Coprinus comatus (Mull.) S. F. Gray (7— 
26 September 1986). 

Coprinus ephemerus (Bull.) Fr. (4—17 July 
1987, on cow dung). 

Coprinus micaceus (Bull.) Fr. (4—16 June 
and 17 July 1987). 

Coprinus plicatilis (Curt.) Fr. (4d—23 May 
1987). 

Coprinus radians (Desm.) Fr. (4—17 July 
1987; 6—17 July 1987). 

Coprinus silvaticus Pk. (1). 


Strophariaceae 


The members of this family, particularly 
Pholiota, are exceptionally abundant during 
the wet spring months. Some species are poi- 
sonous and/or hallucinogenic (27, 28). Some 
important references are 29 and 30. Two species 
of Pholiota and 1 Psilocybe are reported. 


Pholiota mutabilis (Fr.) Kum. (8—18 Oc- 
tober 1986). 

Pholiota terrestris Overh. (3—16 June 1987). 

Psilocybe thrausta (Fr.) Kum. (1). 


Cortinariaceae 


This family includes most of our brown- 
spored forest mushrooms that grow on the 
ground. Some of the important references are 
31, 32, and 33. One species of Hebeloma, 5 of 
Inocybe, and 1 Tubaria are reported. 


Hebeloma crustuliniforme (Bull.) Quel. (1; 
4—1] July 1987). 

Inocybe caesariata (Fr.) Kar. (1). 

Inocybe lilacina (Bond.) Kauff. (6—18 July 
1987). 

Inocybe maculata Fr, (6—12 and 18 July 
1987). 

Inocybe cf. splendens Kauff. (4d—11 July 
1987). 

Inocybe sororia Kauff. (1). 

Tubaria furfuraceae (Pers.) Gill (3—6 June 
1987). 


Bolbitiaceae 


Members of this small family are separated 
from the Cortinariaceae by possessing pored 
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spores and a cellular cuticle. Two species of 
Agrocybe and one species each of Bolbitius and 
Conocybe are reported. 


Agrocybe praecox (Pers.) Fayod (5—6 June 


1987). 

Agrocybe pediades (Pers.) Fayod (4—9 July 
1987). 

Bolbitius vitellinus (Pers.) Fr. (11—26 June 
1987). 


Conocybe lactea (Lange) Met. (4—23 July 
1986; additional specimens were removed 
from hardwood leaf litter near the Fay- 
ette Mall, Lexington, Fayette County, 
Kentucky, 12 November 1986). 


Paxillaceae 


These woodland fungi do not seem to be 
very abundant in eastern Kentucky, although 
additional collecting may invalidate that com- 
ment. One species each of Hygrophoropsis and 
Paxillus are reported. 


Hygrophoropsis olida (Quél.) Met. (3—6 
June 1987). 

Paxillus atromentosus (Bat.) Fr. (1; 12—23 
June 1987). 


Polyporaceae 


The ubiquitous polypores are everywhere 
abundant in Kentucky, mostly associated with 
dead and living trees. Some important refer- 
ences are 34 and 35. Two ground- and log- 
dwelling species of Polyporus are reported. 


Polyporus radicatus Schw. (1). 
Polyporus varius Fr. (1; 3—9 June 1987; 
12—23 June 1987). 


Hydnaceae 


The tooth fungi always invoke startlement 
when encountered in the woods, although they 
are relatively common, particularly in late June 
through fall. One species each of Hydnum and 
Mycorraphium are reported. 


Hydnum imbricatum Fr. (6—22 June 1987). 
Mycorraphium (Steccherinum) adjustum 
(Schw.) Gees (1). 


Cantharellaceae 


Chanterelles are among the most easily iden- 
tified mushrooms in North America. Many of 
them are eagerly sought for the table. Some 
important references are 36 and 37. Three 


species of Cantharellus and one of Gomphus 
are reported. 


Cantharellus cibarius Fr. (5—27 June and 
2 July 1987; 4—9 July 1987). 

Cantharellus cinnabarinus Schw. (1; 9—3 
June 1987). 

Cantharellus infundibuliformis (Scop.) Fr. 
(1; 5—2 July 1987). 

Gomphus floccosus (Schw.) Sing. (3—6 June 
1987). 


Tremellaceae 


Commonly referred to as ‘jelly’ fungi, these 
forms usually escape the attention of the gen- 
eral collector and random naturalist, since they 
grow on twigs and rotting wood in the form 
of nearly amorphous, usually bright-colored, 
blobs. Two species of Tremella are reported. 


Tremella mesenterica Ret. (1; 5—2 July 
1987; 6—6 September 1987; 10—3 Oc- 
tober 1978). 

Tremella albida Huds. (12—7 July 1987). 


Phallaceae 


Stinkhorns are highly interesting but seldom 
reported fungi in Kentucky. One species is re- 
ported. 


Mutinus elegans (Mont.) Fisch. (4—8 July 
1987). 
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Seasonal Variations in Orthophosphate and Inorganic 
Nitrogen in a Western Kentucky Cypress Swamp 
(Murphy’s Pond) 


J. M. Kinc, C. D. WILDER, AND J. MCCANDLESS 


Department of Biological Sciences, Murray State University, 
Murray, Kentucky 42071 


ABSTRACT 
Inorganic nitrogen and PO,-P were monitored over a seasonal cycle in a spring-fed cypress swamp 
(Murphy's Pond) in western Kentucky. Concentrations of NO,;-N + NO,-N ranged from <0.010 to 0.800 
mg/liter near the inflow of the spring, but were below 0.010 mg/liter elsewhere in the swamp. Ammonium 
nitrogen concentrations varied from <0.010 to 0.242 mg/liter and exhibited an overall decline from high 
levels in early spring. Concentrations of PO,-P ranged from 0.039 to 0.174 mg/liter with high levels occurring 


in late autumn 


INTRODUCTION 


The purpose of this study was to determine 
concentrations of inorganic nitrogen and or- 
thophosphate over a seasonal cycle in the sur- 
face waters of a cypress swamp (Murphy's 
Pond) in western Kentucky. Previous studies 
of nutrient concentrations in cypress swamps 
have focused on ecosystems with hydrologic 
and nutrient inputs from overland sources 
(streams, rivers) or rainfall and seepage (1, 2, 
3, 4, 5, 6, 7, 8). Murphy’s Pond has a constant 
hydroperiod because of the continual inflow 
of water from an underground spring that 
emerges within its basin and thus provided an 
opportunity for study of nutrient levels in a 
cypress swamp with a different hydrologic re- 
gime. Water samples were collected from sev- 
eral locations in Murphy's Pond to determine 
if nitrogen and phosphorus concentrations near 
the spring input differed from those elsewhere 
in the swamp. 


SITE DESCRIPTION 


Murphy’s Pond is located in the southwest- 
ern corner of Kentucky in Hickman County 
(36°44'30"N, 85°51'21”W). This swamp occu- 
pies a relatively small (10.5 ha), circular basin 
that is bordered by marshland to the south and 
loess bluffs to the north and northeast (Fig. 1). 
The basin consists of 3 open pools (mean depth, 
1.5 m) separated by broad shallow zones (mean 
depth, 0.6 m) which are inhabited by button- 
bush (Cephalanthus occidentalis), swamp rose 
(Rosa palustris), and Virginia willow (Itea vir- 
ginica). Bald cypress (Taxodium distichum) is 
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the only canopy species and inhabits the shal- 
low portions of the swamp. The open areas are 
situated in the northeastern, middle, and 
southern portions of the basin and have been 
designated as sites 1-3, respectively (Fig. 1). 
The spring emerges in the northern end of 
Site 1. 


MATERIALS AND METHODS 


Surface water samples were collected at ap- 
proximately biweekly intervals from February 
to December 1985 in the eastern, middle, and 
western portions of each open area. Samples 
were taken by submerging 1-liter acid-cleaned 
polyethylene bottles approximately 30 cm be- 
low the water surface. Each bottle was capped 
and placed on ice for transport to the labora- 
tory. Concentrations of NOs-N + NO,-N, 
NH,-N, and PO,-P were determined in each 
sample by the cadmium reduction, phenate, 
and ascorbic acid methods, respectively (9). All 
analyses were conducted immediately upon 
arrival of the samples at the laboratory. 


RESULTS AND DiIscussION 


The seasonal distribution of inorganic nitro- 
gen and PO,-P in the 3 sites is shown in Figure 
2. Concentrations of NO,-N + NO,-N were 
near or below the detection limit at all three 
sites during spring and summer. In autumn, 
concentrations increased substantially at Site 
1, but remained below detection limits in sites 
2 and 3. Ammonium was the predominant form 
of inorganic nitrogen, except during the au- 
tumnal increase in NO,-N + NO,-N. Concen- 
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BLUFFS 


Fic. 1. Map showing location of Murphy’s Pond and the spatial relationship of collection sites in this ecosystem. 


trations, but not the periodicity, of NH,-N var- This study indicated that the major differ- 
ied between sites and exhibited an overall ence in nutrient concentrations in Murphy's 
decline by late autumn. Orthophosphate con- Pond resulted from increased levels of NO3-N 
centrations were relatively uniform through- + NO,-N during autumn at Site 1. A com- 
out Murphy's Pond and reached their peak in _ parison of nutrient levels in Murphy's Pond to 
late autumn. those in other cypress ecosystems (Table 1) 


TasLe 1. Comparison of ranges and means of nutrient values in Murphy’s Pond to those for other cypress swamps. 


NO,-N + NO;-N NH,-N PO,-P 


Location (mg/liter) (mg/liter) (mg/liter) References 
Murphy's Pond 
Site 1 0.01-0.80 0.01-0.21 0.04-0.11 This study 
(0.20) (0.08) (0.07) 
Site 2 0.01 0.01-0.18 0.04-0.12 This study 
(0.01) (0.07) (0.08) 
Site 3 0.01 0.01-0.24 0.04-0.12 This study 
(0.01) (0.08) (0.08) 
Alluvial Swamps 
Natural Swamp, LA 0.01-0.13 0.01-0.62 0.05-0.44 Kemp and Day, 1984 (5) 
(0.06) (0.25) (0.20) 
Heron Pond, IL 0.01 0.10-4.10 0.06-0.28 Mitsch et al., 1979 (7) 
(0.01) (1.00) (0.16) 


Cypress Dome 


Austin Cary Pond, FL 0.005-1.04 0.010-1.200 0.004-4.80 Dierberg and Brezonik, 
(0.080) (0.139) (0.074) 1984 (2) 
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organic nitrogen and orthophosphate in the 3 sites in Mur- 


phy’s Pond. 


revealed that overall NO,-N + NO,-N con- 
centrations at Site 1 exceeded levels reported 
for alluvial swamps and cypress domes, while 
concentrations at sites 2 and 3 were similar to 
those in Heron Pond, an alluvial cypress swamp 
in southern Illinois. Ammonium values were 
low in comparison to those of other deepwater 
cypress swamps, while mean PO,-P concen- 
trations were similar to those reported for a 
Florida cypress dome. 

The ratio of total inorganic nitrogen to PO,-P 
did not exceed 10 for any of the sites in Mur- 
phy’s Pond. This suggests that nitrogen was 
perhaps the primary limiting nutrient in the 
surface waters of this ecosystem, which is not 


an uncommon occurrence in cypress swamps 
(10). However, in spite of the relatively low 
nitrogen concentrations, profuse growths of 
submerged aquatic macrophytes occurred 
throughout Site 1 from April to September, 
but not elsewhere in this swamp. These plants 
may have obtained nutrients from the sedi- 
ments, but if this was the case, why weren't 
they present in the other two sites? An alter- 
nate hypothesis is that the spring water which 
entered Site 1 supplied nitrogen in quantities 
sufficient to support macrophyte growth. The 
low NO;-N + NO,-N concentrations at this 
site may have resulted from assimilation by 
these plants, while the autumn increase reflect- 
ed a decreased demand resulting from their 
senescence and death. Certainly, additional 
studies which include depth profiles of dis- 
solved oxygen, pH, and redox potential, as well 
as nutrient concentrations, are required to de- 
termine the extent to which the spring inflow 
influences nutrient dynamics in Murphy's Pond. 
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The Spawning Behavior of the Saffron Darter 
(Etheostoma flavum) 


THomas M. KEEVIN, LAWRENCE M. PAGE, AND CAROL E. JOHNSTON 


Illinois Natural History Survey, Champaign, Illinois 61820 


ABSTRACT 


The spawning behavior and spawning site selection are described for the saffron darter (Etheostoma 


flavum) under natural stream conditions and in aquaria. Males hold loose, moving territories near suitable 


spawning sites. Spawning occurs predominantly in a head-up vertical position on the sides of large rocks, 
the preferred spawning substrate. When large rocks are unavailable, alternative spawning sites are used 


Egg deposition sites also appear to be quite selective; eggs are laid in small crevices, depressions, and adjacent 
to small ledges on rock surfaces. The selection of these spawning microhabitats and the small average size 


of eggs (1.1 mm diameter) are suggested to be adaptations which reduce egg predation. 


INTRODUCTION 


The subgenus Nanostoma, as diagnosed by 
Page (1), contains 5 previously described species 
(Etheostoma zonale, E. simoterum, E. duryi, 
E. coosae and E. etnieri), 6 recently described 
species (E. baileyi, E. rafinesquei, E. barre- 
nense, E. flavum, E. pyrrhogaster and E. zon- 
istium) (2, 3, 4) and E. lynceum, recently re- 
moved from the synonymy of E. zonale by 
Etnier and Starnes (5). Four to 6 species of 
Nanostoma remain undescribed taxonomical- 
ly. The spawning behavior and/or spawning 
site selection has been described for 9 species: 
E. barrenense (6, 7, 8), E. rafinesquei (6, 7, 8), 
E. zonale (6, 7, 9, 10), E. duryi (11), E. si- 
moterum (12), E. coosae (13), E. baileyi (14), 
E. pyrrhogaster (15), and E. zonistium (15). 
The spawning behavior and site selection of E. 
flavum are described below. 


METHODS 


An adult male and 2 female E. flavum were 
collected in Warren Fork, Cumberland River 
drainage, Christian County Kentucky, 1] April 
1985. They were transported to the Illinois 
Natural History Survey and placed in a 75- 
liter aquarium on 17 April 1985. Spawning was 
first observed on 19 April at 23°C. The females 
died on 25 April. On 6 May 1985, another 3 
males and 11 females were collected in Blue 
Creek (17°C), Tennessee River drainage, 
Humphries County, Tennessee, and on 7 May 
placed in the aquarium with the surviving male 
from Warren Fork, Spawning was first ob- 
served on 9 May at 25°C. 
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The aquarium was provisioned with a va- 
riety of spawning surfaces, including all sur- 
faces known to be used as spawning sites by 
darters (14), to determine site selection. In- 
cluded were a bottom substrate of mixed sand 
and gravel, flat stones positioned both verti- 
cally and horizontally, a large rectangular stone 
with rough surfaces, aquatic plants (Elodea 
sp.), floating pieces of wood, and partly buried 
leaves and sticks. Some spawning acts were 
videotaped for closer observation. Water-hard- 
ened eggs laid by Blue Creek females were 
measured to the nearest 0.1 mm with dial cal- 
ipers. 

Field observations on the spawning behavior 
of E. flavum were made on 11 April 1987 in 
2 Duck River tributaries: Dunlap Creek (20°C), 
Hickman County, Tennessee, and Snow Creek 
(18°C), Maury County, Tennessee. Fish were 
observed by using binoculars and polarized 
sunglasses. 


RESULTS AND DISCUSSION 


When the male from Warren Fork was first 
placed in the aquarium, he showed no interest 
in spawning and continuously swam up and 
down the sides of the aquarium. The larger 
female, obviously gravid, repeatedly swam to- 
ward the male, nudged him, and then swam 
toward the large stone. O'Neil (13) noted that, 
on occasion, a female E. coosae would assume 
the active courtship role by nudging and dis- 
playing her dorsal fins to a male, attempting 
to incite responses from him. Winn (7) noted 
that several times females of E. caeruleum, E. 
spectabile, E. blennioides, E. barrenense, and 
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E. rafinesquei, “which appeared ready to 
spawn, made movements toward unresponsive 
males in aquaria. The females swam to a 
spawning site but returned to the inactive males 
and swam around, in front of, over and into 
them. This behavior appeared to activate the 
male into following the female to spawn. These 
activities of the females were observed only in 
aquaria. This function may be to synchronize 
by stimulation the spawning act in time of 
stress.” 

After the Warren Fork male habituated to 
the aquarium it began to court the females. It 
swam parallel to, and over, the female, phys- 
ically stimulating her nape with his chin in a 
manner similar to that reported for Etheosto- 
ma gracile (16). He then swam in a semicircle 
about 2.5 cm in front of the female with his 
median fins extended. The male completed the 
circle and again stimulated the female's nape. 
The male often followed behind the female as 
she swam and made periodic approaches and 
stimulated the female's nape while following. 

Prior to spawning, a female swam slowly 
over the substrate, apparently examining the 
sides of rocks for suitable egg attachment sites 
while the male followed. The female then as- 
sumed a vertical head-up position, the male 
mounted the female, and the pair vibrated 
with their bodies in an S-shaped figure (Fig. 
1). The female contacted the spawning surface 
with the anterior portion of her swollen ab- 
domen in what appeared to be a forward push- 
ing motion. The female then dipped the pos- 
terior portion of her body causing the genital 
papilla to contact the spawning surface. The 
male made a similar abdominal dip which pre- 
sumably resulted in the release of sperm. Dur- 
ing gamete release, both females and males 
had their mouths open. The open mouth be- 
havior was previously noted in spawning fe- 
male Etheostoma proeliare (17), E. asprigene 
(18), E. zonistium (15) and E. pyrrhogaster 
(15). The pair generally moved to another site 
and spawned again. 

Aquarium spawning in E. flavum occurred 
predominantly in a head-up vertical position. 
However, a number of eggs were found in 
places which indicated that the spawning act 
also occurred in other orientations; e.g., eggs 


were found on the top of the large stone. Ethe- 
ostoma barrenense and E. rafinesquei spawn 
in a horizontal position to a slightly obtuse 
angle, with the nearly vertical position the most 
frequent (7). Winn (7) felt that a female po- 
sitioned in a strongly acute to obtuse angle 
stimulated the male to assume the mounting 
position. 

In Dunlap Creek, males of E. flavum were 
not observed to hold stationary territories but 
held loose, moving (floating) territories over 
the sides of large rocks. When a female ap- 
proached she was pursued by the nearest male 
which would position himself on top or at the 
side of the female as they moved along a ver- 
tical rock surface. The pair would occasionally 
spawn as they moved along in a head-up po- 
sition. Two pairs were seen spawning simul- 
taneously on different parts of the same rock 
while other males maintained territories near- 
by. In one instance a female left, and the male 
was approached by another male. The resident 
male flared his pectoral fins and opercles, erect- 
ed the dorsal fin and drove the intruder away. 
This type of display was observed several times, 
usually when a female was nearby. Winn (7) 
described territories of breeding male E. bar- 
renense and E. rafinesquei to be from 50 to 
over 100 cm in diameter and centered about 
a large rock. He presumed the territory to be 
stationary based on laboratory evidence. How- 
ever, based on field observations, Stiles (8) stat- 
ed that males of these two species are not ter- 
ritorial, in the strict sense, but are highly 
aggressive toward other males who invade their 
individual space or approach too closely during 
spawning. Stationary territories were not ob- 
served in aquarium-held breeding E. simo- 
terum; however, moving territories may be 
established by males (12). Carney and Burr 
(15) stated that aggressive behavior among male 
E. zonistium and E. pyrrhogaster was not con- 
sidered a strict expression of territoriality be- 
cause they occasionally changed locations in 
aquaria and actively defended new areas. 

Winn (7) felt that the nature of the substrate 
used for egg deposition was apparently of con- 
sequence to the female, but not the male, al- 
though the male’s territories must center around 
the proper objects to ensure successful repro- 


es 
Fie. 1. 
large rock. 


Aquarium-held Etheostoma flavum. Top) Breeding male; middle and bottom) pair attaching eggs to side of 
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duction. Despite the variety of spawning sub- 
strates provided in the aquarium, over 30 eggs 
were deposited on the vertical surface of a rock 
while only one was found attached to a leaf. 
No eggs were found elsewhere in the aquari- 
um. However, the availability of suitable 
spawning surfaces clearly plays a role in 
spawning site selection. In Snow Creek, which 
lacked large vertically surfaced rocks, a pair 
of E. flavum was observed moving along the 
cobble substrate with the male positioned on 
top or to the side of the female. The pair oc- 
casionally wiggled into cracks between rocks 
and stayed in place for several seconds to over 
a minute and a half in one instance. Spawning 
is presumed to have taken place during these 
periods. 

The selection of egg deposition sites on rock 
surfaces also appears to be quite specific. 
Aquarium-spawned eggs were found in small 
crevices, in small depressions, and adjacent to 
small ledges on the rock surface. O'Neil (13) 
observed that females of E. coosae selected 
small protective nooks or cracks as egg sites 
and deposited one egg at a time. The selection 
of these spawning microhabitats results in the 
egg being hidden from potential predators. 

Page (19) suggested that eggs of egg-attach- 
ing species benefit from being distributed over 
a large area and that their small size lessens 
the likelihood that they will be found and eat- 
en. Most eggs of E. flavum were found singly 
or in small groups of 3-4 eggs. The groups may 
have been indicative of ideal spawning sites 
rather than the result of more than on egg 
being laid at a time. Eggs are deposited singly 
in E. barrenense (8), E. rafinesquei (8), and E. 
coosae (13), while 1 or 2 eggs are released per 
spawning act in E. simoterum (12). The small 
size of the egg of E. flavum is also well adapted 
for hiding. Eggs averaged 1.1 mm in diameter 
(N = 12), which is similar to that found in 
other egg-attaching darters (19). 
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ABSTRACT 


Detailed examination of ontogenetic development of alligator gar, Atractosteus spatula, longnose gar, 
Lepisosteus osseus, shortnose gar, L. platostomus, and spotted gar, L. oculatus was conducted utilizing 
morphometric, meristic, and pigment characteristics. Recently hatched gars are characterized by the presence 
of an adhesive organ on the snout, a large, ovoid yolk sac, and a weakly developed stomodeum. Older larvae 
are characterized by 53-62 total myomeres and preanal lengths about two-thirds total length. A distinctive, 
light-colored, arrow-shaped pigmentation pattern on a dark subdermal body background is present dorsally 
on the head of alligator gar larvae. Longnose gar have scattered external cutaneous melanophores on a light 
subdermal background above the lateral line from the head to the origin of the dorsal fin. Shortnose gar 
lack subdermal pigment dorso-laterally, and they also lack external cutaneous melanophores anterior to the 
pelvic finfold. Spotted gar larvae are darkly pigmented subdermally on the dorsum, as the alligator gar, but 
lack the light mid-dorsal arrow present on its head and later its back. Longnose and shortnose gar have 37- 
45 preanal myomeres while spotted gar have 45-49. Aspects of early-life ecology of gars are described from 


literature accounts and ichthyoplankton collections from the Ohio and Tennessee River systems. 


INTRODUCTION 


Gars, family Lepisosteidae, order Lepisos- 
teiformes, constitute a small group of primitive 
fish dating in the fossil record to the Creta- 
ceous. In an analysis of fossil and recent gars, 
Wiley (1) elevated Atractosteus, formerly a 
subgenus of Lepisosteus, to generic status. Re- 
cent (extant) species are restricted to North and 
Central America and Cuba. Four of 5 North 
American gar species occur in the Ohio and 
Tennessee river basins. These include the al- 
ligator gar, Atractosteus spatula (Lacépéde), 
shortnose gar, Lepisosteus platostomus Rafi- 
nesque, spotted gar, L. oculatus Winchell, and 
longnose gar, L. osseus (Linnaeus). The range 
of the fifth species, the Florida gar, L. platy- 
rhincus DeKay, is restricted to peninsular Flor- 
ida and adjacent coastal Georgia. 

There are few substantiated records of al- 
ligator gar from the Ohio River basin. They 
have been reported from the Cumberland Riv- 
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er (2), the Ohio River at Paducah (3), the mouth 
of Ohio River, and mouth of Bayou du Chien 
(4). Trautman (5) reported additional, unsub- 
stantiated, observations from the Ohio River 
in Hamilton and Brown counties, Ohio, as did 
Smith (6) from the Big Muddy River near Mur- 
physboro and from Horseshoe Lake near Cai- 
ro, Illinois. Two large specimens (30 and 80 
Ibs.) taken from the Cypress Creek area of 
Kentucky Reservoir, Tennessee River, Ten- 
nessee, in the mid-1970s were identified as al- 
ligator gar from a newspaper photograph (C. 
Saylor, TVA, pers. comm.). The species has 
been recommended for endangered status in 
Kentucky (4), is threatened in Illinois (7), and 
is in need of management in Tennessee (D. A. 
Etnier, University of Tennessee, pers. comm. ). 

Spotted gar are restricted to the lower reach- 
es of the Ohio River basin, occasionally being 
collected in the lower Ohio, lower Cumber- 
land, Tradewater, and Green rivers (4). They 
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are widespread in the Tennessee River system, 
occurring in middle and east Tennessee along 
the valleys of the larger rivers (D. A. Etnier, 
University of Tennessee, pers. comm. ). 

Shortnose gar are common in the lower 
reaches of the Ohio River basin but only spo- 
radically reported in the Ohio River upstream 
of the Green River drainage (4). The species 
is common in Bayou du Chien, Obion Creek 
(4), the Wabash River (8), and the lower reach- 
es of the Tennessee and Cumberland rivers (D. 
A. Etnier, University of Tennessee, pers. 
comm. ). 

Longnose gar are much more common than 
the other 3 species. They occur throughout the 
Ohio and Tennessee rivers and most of the 
major tributary drainages (4, 8). 

The difficulty in studying early-life history 
and ecology of gars lies in distinguishing the 
larvae of different species within areas of co- 
habitation. Some descriptive literature exists 
but diagnostic discussions are limited. The em- 
bryology and (or) larval development of long- 
nose gar was described and illustrated by Agas- 
siz (9), Balfour and Parker (10), Mark (11), 
Dean (12), Beard (13), Eycleshymer (14), Kerr 
(15) and Fish (16), and summarized by Suttkus 
(17), Mansueti and Hardy (18), Jones et al. (19) 
and Heufelder (20). Yeager and Bryant (21) 
provided additional descriptive information for 
longnose gar larvae, including some meristic 
and morphometric data. Clark (22) provided 
an illustration of a 17.4-mm longnose gar. Heu- 
felder (20) described spotted and shortnose gar 
larvae greater than 35 mm TL and illustrated 
a 17.5-mm spotted gar and a 38-mm shortnose 
gar. Moore et al. (23) provided illustrations of 
larval alligator gar and listed associated species. 
Suttkus (17) described a 49.5-mm alligator gar. 
May and Echelle (24) illustrated a juvenile al- 
ligator gar and noted that color readily distin- 
guished it from the other species. May and 
Gasaway (25) and Hogue et al. (26) described 
and illustrated gar larvae but did not distin- 
guish species. Echelle and Riggs (27) alluded 
to differences between larvae of the 4 species 
but did not elaborate on those differences and 
could not distinguish between shortnose and 
spotted gar less than 125.0 mm TL. 

This study provides developmental descrip- 
tions of larvae of the 4 gar species occurring 
in the Ohio and Tennessee river basins, in- 
cluding taxonomically useful meristic, mor- 
phometric, and pigmentary characteristics and 


information from the literature and recent field 
collections on aspects of their early-life history. 


METHODS AND MATERIALS 


Larval occurrence and distribution data are 
summarized from literature reports and from 
collections in the Tennessee and Cumberland 
rivers by the Tennessee Valley Authority (TVA) 
in ichthyoplankton surveys required for dem- 
onstrations under section 316(b) of the Clean 
Water Act, from routine fisheries monitoring 
surveys at TVA nuclear plants and siting stud- 
ies for proposed electric power facilities. We 
summarized all known information from the 
literature concerning other aspects of gar ear- 
ly-life history and ecology. 

Wild specimens from ichthyoplankton col- 
lections, museum collections and cultured 
longnose gar series were studied for differences 
in morphology, meristics, pigmentation, and 
sequential development relative to size. Me- 
ristics and morphometrics were determined for 
small but representative series of each species 
(Fig. 1). Identifications of wild-caught larvae 
of spotted gar was possible because of the ab- 
sence or extreme rarity of adult populations of 
shortnose gar in areas of larval collections. 
Shortnose gar were under-represented in larval 
collections, however, material from the Wa- 
bash River provided some limited information 
(LRRC). 

The following length measurements were 
recorded for each specimen examined: snout 
length (AE)—horizontal distance from ante- 
rior margin of snout to anterior margin of eye; 
eye diameter (PE)—distance from anterior 
margin of eye to posterior margin of eye; head 
length (OP1)—distance from anterior margin 
of snout to origin of pectoral fin; predorsal 
fintold/fin length (OD)—distance from ante- 
rior margin of snout to origin of dorsal finfold 
or fin; preanal length (PV)—distance from an- 
terior margin of snout to posterior margin of 
vent; predorsal fin insertion length (ID)—dis- 
tance from anterior margin of snout to inser- 
tion of dorsal fin; standard length (LC)—dis- 
tance from anterior margin of snout to posterior 
margin of hypural plate or notochord; yolk sac 
length (MAX-Y)—maximum horizontal length 
of yolk sac; pectoral (P1) and pelvic (P2) fin 
lengths were the distance from the origin to 
most distal margin. Body depths were recorded 
for each specimen immediately posterior to the 
eye (BPE), at origin of pectoral fin (OP1), just 
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PE 


OP1 


SL 


Fic. 1. 


posterior to vent (BPV), at the penultimate 
myoseptum (AMPM), and maximum yolk sac 
depth (MAX-Y). Body widths were measured 
anterior to nasal pores (SN), at mid-snout 
(SM), immediately anterior to eyes (SAE), 
and immediately behind the eyes (BPE). Prior 
to snout development, the adhesive suctorial 
disc was measured at its greatest horizontal 
width (DW). 

All measurements were made to the nearest 
0.1 mm using a dissecting microscope with an 
ocular micrometer. Measurements in the text 
are total length (TL) unless otherwise stated. 
Illustrations were delineated following Faber 
and Gadd (28). 


SPECIMENS EXAMINED 


The specimens examined are maintained by 
Tennessee Valley Authority's Larval Fish 
Identification and Information Center (TV); 
Large Rivers Research Collection, Grayslake, 
IL (LRRC); Ohio State University Museum 
(OSUM); and Stovall Museum, University of 
Oklahoma (UOMZ). Alligator gar larvae are 
rare; and though none were available from the 
Ohio River basin 5 specimens from Oklahoma 
were examined. Additionally, 18 spotted gar, 
2 shortnose gar, and 98 longnose gar were stud- 


ied. 


PC 


Morphometric characteristics measured for 4 gar species from the Ohio and Tennessee river systems. 


Atractosteus spatula—Oklahoma: Choctaw 
Co., bayou of Red River, OSUM 55164 (1), 
OSUM 19455 (1); Osage Co., VOMZ 38639 (1); 
Love Co., Wilson Creek cove in Red River 
arm, Lake Texoma, UOMZ 32367/32368 (1), 
UOMZ 32366 (1). 

Lepisosteus oculatus—Alabama: Limestone 
Co., Tennessee River, Wheeler Reservoir, TV 
1718 (1); Jackson Co., Tennessee River, Gun- 
tersville Reservoir, TV 222 (9). Tennessee: 
Marion Co., Tennessee River, Nickajack Res- 
ervoir, TV 859 (1); Stewart Co., Cumberland 
River, Cumberland Steam Plant (RM 103), TV 
972 (7). 

Lepisosteus osseus—Alabama: Jackson Co., 
Tennessee River, Guntersville Reservoir, TV 
107 (1); TV 221 (1); TV 222 (27); TV 661 (5); 
Limestone Co., Yennessee River, Wheeler Res- 
ervoir, TV 219 (1). Indiana: Washington Co., 
Ohio River (RM 572), LRRC 360 (1). Ohio: 
Lake Erie, Terwilligers Pond South Bass Is- 
land, TV 2364 (1). Ontario: University of To- 
ronto, Royal Ontario Museum, TV 500 (11 in- 
cluded eggs). Tennessee: Hardin Co., Tennessee 
River, Pickwick Reservoir, TV 108 (1); Hum- 
phreys Co., Tennessee River, Kentucky Res- 
ervoir, TV 220 (1); Marion Co., Tennessee Riv- 
er, Nickajack Reservoir, TV 2373 (3); Blount 
Co., Little River at Melrose, 30 specimens un- 
catalogued Tennessee Valley Authority (TV) 
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TABLE | 
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Morphometry of Lepisosteus osseus larvae grouped by selected intervals of total length (N = sample size). 


Characters expressed as per cent total length (TL) or head length (HL), with a single standard deviation, and range 


of values in parentheses. 


Total length (TL) intervals (mm) 


8.9-10.9 (N = 17) 


11.4-15.6 (N = 11) 


Measure Mean + SD Range Mean + SD Range 
Length, % of TL, AS to 
Snout length (AE) bo ea yd (3.3-7.8) Saf mec 4 (3.4-12.8) 
Eye diameter (PE) OD i oa (8.9-18.0) 12.8 + 3.3 (10.0-21.1) 
Head length (OP1) 20.4 + 2.8 (16.4-27.7) 24.6 + 5.0 (19.5-34.7) 
Predorsal length (OD) 20.6 + 4.4 (15.0-29.3) 20.4 + 3.7 (13.6-26.6) 
Preanal length (PV) Wilisyenen Hc} (62,8-75.5) 67.0 + 4.2 (55.9-68.5) 
Dorsal insertion (ID) 
Standard length (PC) 98.8 + 0.5 (98.1-99.6) 98.9 + 0.5 (97.4-99.7) 
Yolk sac length (MAX-Y) 45 + 0.4 (3.8-5.1) 40+05 (2.6-4.5) 
Fin length, % of TL 
Jeall LS) = 26 (0.0-7.9) aye pee (| (4.0-8.2) 
P2 
Body depth, % of TL 
Head depth at eyes (BPE) 13.9 + 1.3 (11.8-17.3) 14.7 + 1.4 (12.5-15.7) 
Head depth at pectoral (OP1) 30.0 + 2.6 (25.4-33.5) 24 Vero, (14.7-34.8) 
Preanal depth (BPV) Dek (4.3-8.5) 6: = 10 (5.4-9.4) 
Mid-postanal depth (MPM) 43 + 0.7 (3.3-5.8) 6.0 + 0.9 (43-725) 
Caudal peduncle depth (AMPM) 2.9 + 0.8 (2.0-4.9) 4.7 +'0.9 (3.0-6.2) 
Yolk sac depth (MAX-Y) 2.6 = 2.0 (1.4-3.1) 2.7 = 20 (1.9-8.5) 
Body width, % of HL 
Snout at nares (SN) 20.1 + 49 (16.7-28.6) 
Mid-snout (SM) 28:0) = 2.7 (25.1-30.6) 
Snout anterior eyes (SAE) Boi, se eal! (32.2-34.2) 
Head width (BPE) 64.4 + 9.3 (49.4-79.7) o2.l + 8.3 (37.7-64.1) 
Dise width (DW) 36.2 + 5.8 (28.1-46.3) 29.1 + 6.4 (15.5-38.0) 
Myomere number 
Predorsal (OD) 0-7 3-43, 
Preanal (PV) 37-45 37-43 
Postanal (PV-PM) 15-17 15-17 
Total 54-61 54-60 


cultured reference material; Stewart Co., 
Cumberland River, Cumberland Steam Plant, 
(RM 103), TV 972 (8), TV 1712 (1); Knox Co., 
French Broad River, TV 655 (1); Shelby Co., 
Mississippi River, McKellar Lake, TV 217 (1), 
TV 218 (4). 

Lepisosteus platostomus—lIndiana: Ver- 
million Co., Wabash River, Cayuga Generat- 
ing Station, LRRC 574 (1). Nebraska: UMMZ 
134778 (1). 


RESULTS—SPECIES DESCRIPTIONS 
Lepisosteus osseus 
Eggs.—Eggs of cultured longnose gar are 
oval, demersal, adhesive and average 4.2 mm 
in length by 3.0 mm in width (N = 2; range: 
4.0 by 2.9 to 4.5 by 3.2 mm). 
Larvae.—Morphology.—Selected morpho- 


metrics are presented in Table 1. Newly 
hatched larvae (8.9-10.0 mm) have an un- 
formed stomodeum, an unpigmented oval op- 
tic cup, and are without snout extension, in- 
stead possessing an adhesive, papillose suctorial 
disc. The head is deflected over the yolk sac. 
Yolk sacs are large, spherical to ovoid often 
with a pointed tip posteriorad. Yolk coloration 
is tan-brown in preserved specimens, with a 
distinct vitelline vein network. 

Eyes become spherical by 10.2 mm and are 
pigmented by 10.8 mm. Pectoral fins are form- 
ing by 11.0 mm. Suctorial dise on snout is still 
present and finfolds are complete without ru- 
diments or anlage of fin rays until 11.9 mm. 
Yolk is completely absorbed between 11.4 and 
11.9 mm. 

By 11.9 mm, fin rays are evident in caudal 
fin as basal pterygiophores, a stomodeum be- 
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TABLE 1. 


Total length (TL) intervals (mm) 


16.2-19.6 (N = 7) 20.1-23.9 (N = 6) 
Mean + SD Range Mean + SD Range 
8:9 +09 (7.7-10.2) 10.5 +09  (10.2-11.4) 
15.7 + 1.0 (18.8-16.4) 159+ 1.1 (13.8-16.4) 
26.9 + 1.5 (24,8-28.7) 26.2 +19 (23.7-29.4) 
58.2 + 12.9 (44.4-89.5) 63.3 + 2.9  (59.1-67.2) 
63.9 + 1.0 (62.7-65.8) 65.1 + 1.4  (63.2-66.5) 
11.7+34 (10.9-18.5) 
99.3 + 0.6 (98.1-99.7) 99.5 + 0.2 (99.1-99.7) 
1.3: 1.5 (5.3-9.5) 5.9 + 1.2 —7.7 

2.8 + 0.7 (2.3-3.8) S205. «(2527) 
11.8 + 0.5 (10.5-12.8) 9.7 + 0.6 (9.2-10.5) 
13.2 + 1.5 (11.5-15.4) 96+ 09 (8.2-11.1) 
6.7 + 0.5 (6.1-7.6) 63 + 04 (5.7-7.0) 
5.4 + 0.6 (4.9-6.2) 49+ 0.2 (4.5-5.2) 
5.1+ 03 (4.5-5.4) 47+ 0.4 (4.3-5.2) 
18.5 + 2.6 (14.1-20.7) 16.3 + 1.5 (13.5-17.8) 
31.6 + 2.9 (26.3-33.9) 265+ 4.2 (22.5-33.9) 
36.9 + 19 (33.3-39.3) 311 + 3.3 (28.0-35.7) 
42.7+ 3.1 (39.0-44.7) 35.0 + 3.1 (31.9-39.3) 

28-49 33-47 

39-45 41-44 

16-17 15-17 

56-62 56-61 


gins to form, and most of adhesive disc is ab- 
sorbed, leaving only a small remnant at tip of 
snout until ca. 20.1 mm. Flexion occurs after 
first caudal fin ray formation at 12.4 mm. Prior 
to pelvic bud formation (15.2 mm), a pore 
forms in pelvic region just anterior to finfold 
margin. Dorsal and anal fin rays form simul- 
taneously, and incipient dorsal and anal fin 
margins are partially differentiated by 15.6 
mm. Pelvic fins are present by 18.5 mm, and 
first pelvic fin rays form by 30.0 mm. Dorsal 
finfold originates between preanal myomeres 
1 and 7 for 8.9 to 12.4 mm specimens, and 
between myomeres 32 and 47 for 15.6 to 30.0 
mm specimens. Dorsal fin is completely dif- 
ferentiated at lengths greater than 30.0 mm. 
Meristics.—Frequency distribution for 
preanal and postanal myomeres is as follows: 
preanal 37 (3), 39 (1), 40 (3), 41 (13), 42 (4), 
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Continued. 
24.1-26.9 (N = 35) 27.1-30.2 (N = 6) 

Mean + SD Range Mean + SD Range 
115 +07 (10.6-13.1) 12.4+06 (11.7-13.1) 
160+ 1.1 (12.6-17.7) 164+ 1.7 (12.8-17.9) 
26.2+2.2 (24.3-33.9) 26.2 +10 (25.0-27.8) 
66.7 + 1.7  (54.2-73.1) 67.9 +19 (66.6-71.7) 
65.9 + 1.2 (63.3-67.8) 64.3 45.3  (53.7-68.7) 
9.6 + 0.9 (8.2-11.4) 8.3 + 0.9 (7.3-9.7) 
98.8 +05 (98.1-99.6) 98.9 +05 (97.4-99.7) 
6.6 + 1.0 4.7-8.0) 6.6 + 10 (4.7-8.0 
3.3 + 1.2 1.9-3.9 3.5 + 0.8 (2.6-5.0 
9.0 + 0.6 (7.8-10.1) 8.8 + 1.0 (7.8-10.3) 
92+ 08 (7.9-10.7) 88+ 1.0 (6.7-11.3) 
6.0 + 0.6 (5.1-8.1) 5.8 + 0.4 (5.4-6.1) 
45 + 0.2 (4.0-4.9) 44+ 0.5 (3.0-5.2) 
44+ 05 (3.0-5.2) 44+ 0.9 (3.5-6.1) 
13.9 + 2.3 (9.0-19.0) 129+19 (10.8-15.2) 
21.1434 (15.4-28.2) 20.4+ 3.0 (17.4-24.8) 
28.2+3.4 (21.2-30.7) 29.3449 (25.2-30.6) 
32.4 + 3.2 (23.0-38.2) 33.9+43 (30.8-41.1) 

43-47 42-47 

41-45 41-45 

15-18 15-17 

56-61 56-62 

43 (17), 44 (17), 45 (7) (N = 65, x = 42.5); 


postanal 15 (24), 16 (26), 17 (15) (N = 65, « = 
15.9). Total myomeres ranged from 55 to 62. 
Fin ray counts relative to length are presented 
in Table 2 

Pigmentation.—Newly hatched larvae (8.9- 
10.0 mm) have pigmentation outlining ventral 
margins of optic lobe extending posterior to 
optic cup into the ventral half of future oper- 
culum. Scattered melanophores are present 
mid-ventrally on yolk sac and along junction 
of yolk sac and body, and melanophores are 
densely concentrated on upper surface of gut 
from yolk sac to anus. No pigmentation is pres- 
ent on dorsal surface of body or ventrally pos- 
terior to the anus (Fig. 2a). 

For specimens 10.0 to 12.0 mm, head pig- 
mentation extends ventrally around orbit en- 
compassing adhesive disc and dorsally around 
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TaBLe 2. Fin ray counts for pectoral (P1), pelvic (P2), dorsal (D), anal (A), and caudal (C) fins for 4 gar species 
categories by selected intervals of total length from the Ohio and Tennessee river basins. All fin rays were included in 
counts. Adult counts summarized from Suttkus (17), Scott and Crossman (37), Clay (38), and Heufelder (20). 


Lepisosteus osseus Lepisosteus oculatus 
(N = 82) (N = 18) 

Length interval 

(mm TL) Pl P2 D A Cc Pl P2 D 

8.9-10.9 0 0 0 0 0 . 
11.4-15.6 0 oP 0-7 0-6 0-9 
16.2-19.6 0 Or 4-6 5-7 5-9 0 0 0-4 
20.1-23.9 0-10 Or 3-7 5-6 6-9 0-7 Ob« 3-4 
24.1-26.9 5-8 O° 4-8 5 6-12 0-7 0 4-9 
27.1-38.0 3-8 0-4¢ 6-10 4-10 8-11 2-9 0-6 6-8 
65.0-103.0 _— — 

Adult 10-13 6 6-9 (7)8-10 11-14 9-13 5-6 6-9 


‘Indicates that no specimens were examined in specific length interval 
' Pelvic pore present 
* Pelvic bud formed 


Fic. 2. Larvae of longnose gar, Lepisosteus osseus. a. 8.9 mm TL, Little River, TN; b. 15.2 mm TL, Tennessee River, 
AL; c. 18.5 mm TL, Mississippi River, TN (shaded area represents subdermal pigmentation). 
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TABLE 2 


Atractosteus spatula 


Lepisosteus oculatus 
(N = 18) 


Continued. 


Lepisosteus platostomus 
2 


A iC Pl P2 D A Cc Pl P2 D A Cc 
— _ 9 Or 3 4 11 
0 0-6 
0-6 6-7 9-11 0 3-6 4 11-13 
6-9 6-8 1 Ob« 6 6 alg 
9 8-12 12 6 7 10 12 2 0 7 9 10 
= — 10-11 6 7 10-11 g- 
7-9 12-13 11-16 6 7-10 7-10 12-1 9-11 6 7-8 8 12-13 


orbit covering optic lobe. Pigment extends from 
head posteriorly along mid-dorsum to slightly 
beyond yolk sac. Yolk sac melanophores are 
increased in number. Ventrum has a single 
unpigmented stripe highlighted with a dense 
accumulation of subdermal and external me- 
lanophores. Dorsal yolk sac and gut pigmen- 
tation extends to mid-body laterally; however, 
at mid-yolk it rises obliquely to cover entire 
postanal area. A wedge-shaped block of me- 
lanophores extends into dorsal and anal fin- 
folds. Caudal finfold has an off-centered dia- 
mond shaped cluster of melanophores at tip of 
notochord. 

At 12.0 to 13.0 mm, head melanophores ex- 
tend anteriorly between eyes from optic lobe 
to cerebral hemispheres and pigmentation in- 
creases above mid-line, predorsally. By 15.4 
mm, numerous scattered external melano- 
phores cover entire body except for an unpig- 
mented lateral stripe from snout to anus (Fig. 
2b). 

Melanophores on specimens 16.0 to 18.0 mm 
become subdermal on snout, above and below 
a light lateral band on operculum, and below 
mid-line of rest of body. Scattered melano- 
phores cover the dorsal surface of body ante- 
rior to dorsal finfold. Area around pore in pel- 
vic area is unpigmented. Caudal fin rays are 
pigmented (Fig. 2c). By 18.0 to 20.0 mm, ven- 
tro-lateral half of jaw is unpigmented but ven- 
tral surface of mandible has slightly skewed 
parallel lines of pigment outlining inner mar- 
gin of jaw. External cutaneous melanophores, 
dorsally, outline epaxial myosepta along sub- 
dermal mid-lateral stripe. 

Specimens 26.0 to 30.0 mm, lack snout pig- 


ment around nasal pit. An unpigmented mid- 
lateral stripe is ventrally highlighted by an ad- 
jacent dark subdermally pigmented stripe. 
Scattered external melanophores cover blotched 
subdermal pigment anterior to dorsal finfold 
origin, blotched subdermal pigmentation is 
present in epaxial half of body from mid-gut 
to caudal peduncle; and caudal fin has light 
and dark alternating patterns characteristic of 
adults. 


Lepisosteus oculatus 


Larvae.—Morphology.—Selected morpho- 
metrics are listed in Table 3. Smallest specimen 
described is 16.4 mm and has oval-shaped pig- 
mented eyes, an ovoid, elongate yolk sac, and 
a pelvic pore. Rudiments or anlagen of fin rays 
are absent from all finfolds. Snout extension is 
apparent with remnants of suctorial disc pres- 
ent until 17.6 mm. Yolk is absorbed at lengths 
greater than 17.6 mm. First fin rays form in 
the caudal fin at 17.6 mm. At 21.9 mm, pec- 
toral and anal fin rays are present, flexion oc- 
curs after first caudal fin ray formation, and 
pelvic fin buds form. By 22.3 mm, first dorsal 
fin rays are present and incipient dorsal and 
anal fins are partially differentiated. By 35.9 
mm, first rays appear in pelvic fins and all 
finfolds are completely differentiated. Dorsal 
fin originates between preanal myomeres 46 
to 49 for specimens 16.4 to 35.9 mm. 

Meristics.—Frequency distribution for 
preanal and postanal myomeres is as follows: 
preanal 45 (2), 46 (6), 47 (6), 48 (3), 49 (1) (N 
= 18, ¥ = 46.7); postanal 12 (1), 14 (13), 15 
(2), 16 (2) (N = 18, ¥ = 14.2). Total myomeres 
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Fic. 3. Larvae of spotted gar, Lepisosteus oculatus. a. 16.4 mm TL, Tennessee River, AL; b. 21.9 mm TL, Tennessee 


River, AL (shaded area represents subdermal pigmentation). 


ranged from 59 to 63. Fin ray counts relative 
to length are presented in Table 2. 

Pigmentation.—At 16.0 to 17.0 mm, mela- 
nophores are scattered anteriorly on snout and 
dorsally over orbit to opercular margin form- 
ing a stripe. An unpigmented area separates 
ventral half of mandible and lower half of 
head. Yolk sac is covered with external me- 
lanophores from head to anus but without a 
double mid-ventral line of pigment. Hypaxial 
musculature has external melanophores dis- 
tributed along myosepta to mid-line. Subder- 
mal pigment blotches are present above 
mid-line with few external melanophores above 
lateral line. Dorsal and anal finfolds have 
wedge-shaped blotches posterior to anus. 
Another caudal wedge is separated from the 
finfold wedge by a light area near base of cau- 
dal peduncle. Caudal finfolds are pigmented 
(Fig. 3a). 

At 22.0 to 26.0 mm, the outside margin of 
maxillary is pigmented. Laterally, dark sub- 
dermal dorsal blotches are separated by an un- 
pigmented mid-lateral stripe. External cuta- 
neous melanophores were adjacent to a darkly 
pigmented area just ventral to the unpig- 
mented subdermal mid-lateral stripe men- 
tioned above. Few external melanophores are 
present anterior to dorsal fin origin. External 


melanophores are equally distributed over 
postanal myomeres, and a double, mid-ventral 
stripe of melanophores is present from head to 
anus (Fig. 3b). At 26.0 to 27.0 mm, scattered 
external cutaneous melanophores are present 
on lower half of body from head to anus, while 
the dorsum is unpigmented. Dark subdermal 
pigment occurs over most of the body. By 28.0 
mm, scattered subdermal dorsal pigment bor- 
ders lateral unpigmented blotches. 

At 35.9 mm, scattered external melano- 
phores cover entire body except for an unpig- 
mented stripe on the snout and operculum. A 
few unpigmented subdermal blotches occur 
along mid-line and an unpigmented mid-ven- 
tral area is outlined by two rows of melano- 
phores. Distribution of fin pigmentation in- 
cluded the proximal portion of the anal fin 
rays, wedge shaped pigment present on dif- 
ferentiating dorsal fin, and scattered pigmen- 
tation on caudal fin rays. 


Lepisosteus platostomus 


Larvae.—Morphology.—Selected morpho- 
metrics are presented in Table 4. Smallest spec- 
imen described is 26.5 mm and has spherical 
pigmented eyes, no yolk, a pelvic pore and 
pelvic fin buds. Snout extension is apparent 
with remnants of suctorial disc present. Fin 
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TaBLe 4. Morphometry of Lepisosteus platostomus lar- 
vae grouped by selected intervals of total length (N = 
sample size). Characters expressed as per cent total length 


(TL) or head length (HL) 


Total length (TL) 
intervals (mm) 
26.5 38.0 
Measure (N=1) (N=1) 
Length, % of TL, AS to 
Snout length (AE) 11.9 17.4 
Eye diameter (PE) 16.6 21.6 
Head length (OP1) 25.2 32.6 
Predorsal length (OD) 40.6 66.7 
Preanal length (PV) 69.0 76.4 
Dorsal insertion (ID) 14.6 
Standard length (PC) 99.8 97.9 
Yolk sac length (MAX-Y) 
Fin length, % of TL 
Pl 5.8 6.9 
P2 3.8 49 
Body depth, % of TL 
Head depth at eyes (BPE) 8.4 6.9 
Head depth at pectoral (OP1) 13 8.3 
Preanal depth (BPV) 4.6 6.9 
Mid-postanal depth (MPM) 3.2 5.6 
Caudal peduncle depth (AMPM) oT 4.2 
Yolk sac depth (MAX-Y) 
Body width, % of HL 
Snout at nares (SN) 10.2 8.6 
Mid-snout (SM) 19.6 15.8 
Snout anterior eyes (SAE) 27.3 18.2 
Head width (BPE) 32.6 21.3 
Disc width (DW) 
Myomere number 
Predorsal (OD) 28 36 
Preanal (PV) 43 42 
Postanal (PV-PM) 19 17 
Total 62 59 


rays are present in all median fins and in pec- 
toral fins, flexion has occurred, and incipient 
dorsal and anal finfolds are partially differ- 
entiated. By 38.0 mm, dorsal and anal finfolds 
are completely differentiated, pelvic finfold is 
still present, and teeth are present on mandible 
and maxillary. Dorsal fin originates between 
preanal myomeres 28 to 36 for specimens 26.5 
to 38.0 mm. 

Meristics.—Frequency distribution for 
preanal and postanal myomeres is as follows: 
preanal 42 to 43; postanal 17 to 19. Total myo- 
meres ranged from 59 to 62. Fin ray counts 
relative to length are presented in Table 2. 

Pigmentation.—At 26.5 mm, cranium with 
external cutaneous melanophores covering op- 
tic lobe, laterally beneath eye, on ventral half 


of operculum, and outlining ventral margin of 
maxillary. Dark subdermal pigment is con- 
fined to hypaxial myotomes from operculum 
to tip of notochord. Subdermal pigment in 
epaxial myotomes present from tip of pectoral 
fin to mid-body. External cutaneous melano- 
phores are sparse anterior to pelvic finfold or- 
igin, although, concentrated anterior to dorsal 
fin insertion and at base of caudal peduncle. 
A double mid-dorsal stripe extends from pec- 
toral fin origin to dorsal fin origin. A few scat- 
tered melanophores are present in center of 
caudal fin; all other fins without pigment (Fig. 
4). 
At 38.0 mm, lateral bands of external cu- 
taneous melanophores are present from max- 
illary margin to edge of operculum and on top 
of cranium with concentrated melanophores 
extending as small diffuse pigment along dor- 
sum. Hypaxial myotomes with dark subdermal 
pigment which extends to notochord. External 
cutaneous melanophores on body same as de- 
scribed for 26.5-mm individual. Melanophores 
are distributed at base of pectoral and dorsal 
fins, scattered in caudal fin, and in distal edge 
of anal fin. Pelvic fin is without pigmentation. 


Atractosteus spatula 


Larvae.—Morphology.—Selected morpho- 
metrics are presented in Table 5. Smallest spec- 
imen described is 14.9 mm and has spherical, 
pigmented eyes, no yolk sac, no rudiments of 
suctorial disc apparent, incipient fin rays evi- 
dent in pectorals and all median fins, pelvic 
buds apparent, flexion occurring, and dorsal 
and anal finfolds beginning to differentiate. 
Dorsal fin originates at preanal myomere 44. 
At 20.0 to 24.0 mm, the dorsal and anal finfolds 
are almost differentiated, pectoral and caudal 
fin rays are more numerous, and pelvic fin bud 
is evident, although, the pelvic finfold is still 
present. By 32.5 mm, the larval stage is com- 
plete. Early juveniles (32.5 to 65.0 mm) possess 
the adult complement of rays in paired and 
median fins, have absorbed the pelvic finfold, 
and have teeth well formed on mandible and 
maxillary. Scales present at 65.0 mm but not 
at 32.5 mm. 

Meristics.—Frequency distribution for 
preanal and postanal myomeres is as follows: 
preanal 42 (1), 45 (2), 46 (2); postanal 13 (3), 
14 (2). Total myomeres ranged from 55 to 59. 


Gar Earxy Lire Historny—Simon and Wallus 69 


aegewe 4% AM y.: 
sha Ee 


Fic. 4. 


Larva of shortnose gar, Lepisosteus platostomus. 26.5 mm TL larva. a. Dorsal view; b. lateral view; c. ventral 


view, Wabash River, IN (shaded area represents subdermal pigmentation). 


Fin ray counts relative to length are presented 
in Table 2 

Pigmentation.—At 14.9 mm, dark subder- 
mal pigmentation is present over most of lat- 
eral and dorsal body surface. Several areas of 
the body are white: they include the venter 
from snout to anus, a line extending from man- 
dible obliquely towards mid-orbit, a light col- 
ored arrow on snout dorsum, distal edges of 
pectoral shoulder, and a swirling line from snout 
through mid-orbit extending towards opercu- 
lum and obliquely rising to dorsum near anus. 
External cutaneous melanophores are present 
on body above mid-line, mid-dorsally, and 
ventrally from mandible to breast. Pigmented 


wedges are present in dorsal and anal finfolds. 
Caudal rays are pigmented (Fig. 5a, b). 

At 20.0 to 24.0 mm, body is mostly dark 
subdermally, with white areas still delineated 
as previously noted. The body is gray ventrally 
and ventro-laterally with an accumulation of 
external melanophores on mandible and breast 
giving a peppered appearance. The light dor- 
sal snout arrow is still evident, and caudal fin 
rays are pigmented to the distal edges. 

At lengths greater than 32.5 mm, dark sub- 
dermal pigmentation outlines mandible and 
maxillary, a dark stripe originates at orbit and 
extends to anus, and the dorsum is dark sub- 
dermally. A light colored subdermal mid-lat- 
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TaBLeE5. Morphometry of Atractosteus spatula larvae and early juveniles grouped by selected intervals of total length 
(N = sample size). Characters expressed as per cent total length (TL) or head length (HL), with a single standard 
deviation, and range of values in parentheses 
Total length (TL) intervals (mm) 
149 20.4-24.0 (N = 2) 65.3 94.6-103 (N = 2) 
Measure (N = 1) Mean + SD Range (N = 1) Mean + SD Range 
Length, % of TL, AS to 
Snout length (AE) 12.4 9.6 + 2.2 (7.4-11.8) 22.3 143 + 09 (13.4-15.1) 
Eye diameter (PE) 20.8 15.3 + 1.0 (14.3-16.2) 26.1 19.1 + 0.9 (18.1-20.0) 
Head length (OP1) 38.2 22.1 + 2.6 (19.4-—24.7) 35.2 29.3 + 1.6 (27.7-30.8) 
Predorsal length (OD) 88.3 66.7 + 0.5 (66,.2-67.2) 67.9 72.9 + 3.8 (68.7-77.1) 
Preanal length (PV) 62.2 66.6 + 19 (64.8-68.5) 67.3 14 O02 (71.2-71.6) 
Dorsal insertion (ID) 11.6 12:0 = 0:5 (11.5-12.5) 5.6 5:9) =e 035 (5.4-6.3) 
Standard length (PC) 99.8 96.4 + 3.3 (93.1-99.7) 100 97.3. 22 (94.6-100) 
Yolk sac length (MAX-Y) 
Fin length, % of TL 
Pl 13.4 10.9 + (10.5-11.2) 5.7 46 + 0.2 (4.2-4.8) 
P2 46 47+ 0.2 (4.6-4.9) 6.6 2:3 + 0:2 (5.1-5.5) 
Body depth, % of TL 
Head depth at eyes (BPE) 15.4 12.6 + 2.3 (10.3-14.8) 13 7.8 + 0.4 (7.4-8.1) 
Head depth at pectoral (OP1) 19.0 il 5:2 (12.6-21.6) 7.9 94+ 0.3 (9.1-9.6) 
Preanal depth (BPV) 8.6 8.8 + 0.8 (8.0-9.7) 7.5 7.5 + 0.5 (7.0-8.0) 
Mid-postanal depth (MPM) yall 5.7 + 0.8 (4.9-6.5) 4.0 4.0 + 0.8 (3.3-4.7) 
Caudal peduncle depth (AMPM) 7.4 46+12 (3.4-5.7) 4.2 4.0 + 0.8 (3.3-4.7) 
Yolk sac depth (MAX-Y) 
Body width, % of HL 
Snout at nares (SN) 19.7 PAY: ie oa (17.8-24.9) 9.2 10:0: 2.4 (7.7-12.3) 
Mid-snout (SM) 28.3 25.8 + (24.2-26.4) 12.5 15.4 + 3.6 (11.7-19.0) 
Snout anterior eyes (SAE) 31.7 25.0 + (23.8-26.1) 18.3 16.4 + 4.0 (12.4-20.4) 
Head width (BPE) 40.7 32.1 + (30.7-33.4) 21.1 26.8 + 3.6 (23.2-30.3) 
Dise width (DW) 
Myomere number 
Predorsal (OD) 44 44-46 48 46-49 
Preanal (PV) 45 44-45 46 42-46 
Postanal (PV-PM) 14 13-14 13 13 
Total 59 58 59 55-59 


eral stripe produces a vermiculate pattern above 
mid-line. The ventrum is white. Dorsally, a 
light colored mid-dorsal stripe is outlined with 
dark pigment from snout to dorsal fin origin 
(Fig. 5c). 


Ear.y LIFE ECOLOGY 

Spawning 

Gar typically spawn in the spring and early 
summer (29). Longnose gar eggs are laid be- 
neath bank overhangs over gravel-rubble (21), 
on algal-covered or bare rocks along wind- 
swept shorelines and rock points (9), or in shal- 
low littoral zones (27). Shortnose gar eggs are 
deposited in small masses held together by a 
clear gelatinous substance, and attached to grass 
and smartweed (30, 31). Echelle and Riggs (27) 


observed spotted gar spawning on dead vege- 
tation and algal mats in quiet, weedy waters, 
and Riggs and Moore (31) reported eggs of 
spotted or shortnose gar attached to aquatic 
vegetation. Little is known about the spawning 
of the alligator gar. An April-June spawning 
season (17, 24) coincides with seasonal flooding 
of bottomland swamps, which may be impor- 
tant spawning habitat, especially considering 
the concomitant decline of these habitats and 
alligator gar populations (D. A. Etnier, Uni- 
versity of Tennessee, pers. comm. ). 


Early Growth 


Laboratory and field-reared shortnose and 
spotted gar grew about 1.7 mm per day (range: 
1.3 to 2.3 mm per day), while 5 longnose gar 
averaged a growth-rate of 3.2 mm per day (27, 


Gar Eariy Lire Histrory—Simon and Wallus 71 


c. 


Fic. 5. 


Larvae of alligator gar, Atractosteus spatula. a. Lateral view 14.9 mm TL, Lake Texoma, OK; b. dorsal view 


14.9 mm TL larva; c. 65.3 mm TL juvenile, Osage County, OK (shaded area represents subdermal pigmentation). 


31, 32). Fifty-two specimens of wild-caught 
longnose and spotted gar larvae collected 19 
and 20 May 1975 in the Tennessee River (Gun- 
tersville Reservoir), Alabama ranged from 25.0 
to 30.0 mm. A 35.0-mm spotted gar larva was 
collected 14 June 1978 in the Tennessee River 
(Nickajack Reservoir), Tennessee and a 55.0- 
mum longnose gar was collected 10 August 1976 
from the Cumberland River, Tennessee. Alli- 
gator gar ranging from 98.0 to 117.0 mm were 
collected in mid- to late July in Oklahoma (33). 


Larval Behavior and Distribution 


Yolk-sac larval gar tend to remain in areas 
of egg deposition and may be found in locally 
dense populations. While capable of swim- 
ming, they are relatively inactive, often hang- 
ing vertically for long periods attached to un- 
derwater structures or debris by the adhesive 


structure on their snouts. At this stage in their 
development, gar are denser than water and 
if dislodged from their point of attachment will 
sink to the bottom unless swimming is initiated 
(27). 

After yolk absorption, gar larvae become 
more dispersed. They do not exhibit a pro- 
nounced tendency to school but several may 
be found together in areas of cover. They are 
capable of resting motionlessly in a horizontal 
position at any depth in the water. Soon after 
yolk absorption they take their first breath of 
air, become more active, and begin to feed 
(27). 

Alligator gar larvae 20.0 to 24.0 mm were 
collected in Oklahoma in late May from a 
backwater slough. These larvae were floating 
near the surface with twig fragments and leaves 
(23). Juvenile alligator gars 98.0 to 117.0 mm 
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were collected mid- to late July in Oklahoma 
from the shallow upper end of a creek em- 
bayment. They were found over a substrate of 
soft, silty mud in an area of much plant debris 
near the entry of a small cold spring (33), 

Longnose and spotted gar larvae (8.9 to 35.9 
mm) have been collected in the Ohio and Ten- 
nessee River basins from early May until late 
June. In 1975 TVA ichthyoplankton collections 
from the Tennessee River (Guntersville Res- 
ervoir), Alabama, most gars (data for both 
species combined) were taken near shore (75%; 
N = 55), but were collected occasionally in 
mid-channel (14.8%). Most larvae were col- 
lected in the top meter of the water column 
(95%) with a few taken at mid-depths in either 
lentic or lotic waters; none taken in near-bot- 
tom samples. Seventy-one per cent were col- 
lected in daytime collections. 

Larval longnose gar were seldom collected 
in mid-channel of the Ohio River (34), but they 
were frequently seined up within 10 m of the 
main channel border in water less than a meter 
deep (35, 36). 

In Oklahoma, juvenile spotted gars were 
commonly collected in densely weeded areas 
of quiet water, while longnose gar were found 
primarily in more open areas, often along 
waveswept shorelines where spawning was ob- 
served. Young gar swam actively in shallow 
open waters at night but in daylight were more 
often found resting motionless close to sub- 
merged or overhanging structures nearshore 
(27): 


DiscussION 


Gar eggs are demersal, adhesive, oval, lack 
an oil globule, contain a wide perivitelline 
space, and do not possess a sculptured or ex- 
ternally pigmented chorion. Ovarian longnose 
gar eggs are 2.1 to 3.2 mm in diameter, green, 
and toxic (32). Mature longnose gar eggs are 
reported to be spherical and average 3.0 mm 
in diameter (13), or semi-transparent, yellow- 
ish-green, adhesive, and about 5.0 mm in di- 
ameter (9). Our observations on longnose gar 
eggs generally correspond with those of Beard 
(13) and Agassiz (9). 

During the present study, eggs of alligator, 
shortnose, or spotted gar were unavailable for 
study. Shortnose gar eggs are 2.5 mm in di- 
ameter, deposited in small masses held togeth- 
er by a clear gelatinous substance, and at- 


tached to grass, and smartweed (30, 31). Echelle 
and Riggs (27) noted that the sizes of spotted 
and shortnose gar eggs were similar. 

Echelle and Riggs (27) reported longnose 
gar hatching at 9 to 10 mm while probable 
spotted gar were collected as small as 7 to 8 
mm. Their observations agreed with lengths at 
hatching for longnose gar reported by Yeager 
and Bryant (21). 

Our results concur with morphometric in- 
formation for longnose gar presented by Yea- 
ger and Bryant (21), and morphological infor- 
mation summarized by Suttkus (17), Mansueti 
and Hardy (18), Jones et al. (19), and Heu- 
felder (20). Not enough information exists for 
adequate comparison to our length intervals 
for shortnose, spotted and alligator gar data. 
Information presented by Heufelder (20) for 
spotted and shortnose gar did not include over- 
lapping length intervals, nor did he describe 
comparable characteristics or include the 
number of specimens measured. Our illustra- 
tions differ from some previously published 
because authors and illustrators did not differ- 
entiate between external and subdermal pig- 
mentation (13, 14, 16, 18, 19, 20, 21, 22, 23). 


Taxonomic Diagnosis 


Gar larvae of the 4 species discussed can be 
reliably distinguished by pigmentation (Figs. 
2-5). Longnose gar lack subdermal pigmen- 
tation on dorso-lateral surfaces anterior to the 
dorsal fin, but are heavily pigmented on those 
same surfaces with external melanophores. 
Likewise, with the exception of several small 
patches near mid-body, shortnose gars lack 
subdermal pigmentation on dorso-lateral sur- 
faces anterior to the dorsal fin; however, they 
are unpigmented with external cutaneous me- 
lanophores anterior the pelvic finfold origin. 
Alligator and spotted gars possess dark sub- 
dermal pigmentation, dorso-laterally, with few 
external melanophores above the mid-line. Al- 
ligator gar have a distinctive light-colored ar- 
row dorsally on the snout of small specimens 
(<24 mm) which extends posterior to the dor- 
sal fin origin in larger specimens. Spotted gar 
have light lateral bands. At lengths greater than 
30 mm, spotted gars can be distinguished from 
shortnose gars by the presence of numerous 
external melanophores dorso-laterally above 
the mid-line, while shortnose gar are devoid 
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of pigment dorso-laterally anterior to the dor- 
sal fin origin (20). 

Myomere counts are also diagnostic for gar 
larvae. Longnose gars have 37-45 (* = 42.5) 
preanal myomeres, while spotted gars have 45- 
49 (¥ = 46.7). Longnose gars have 15-17 post- 
anal myomeres, spotted gars have 12-16. Five 
alligator gars studied had 42-46 preanal and 
13-14 postanal myomeres. The study of ad- 
ditional specimens of alligator gars may reveal 
a broader myomere range. An additional me- 
ristic character useful in distinguishing juve- 
nile alligator gars from other species is the 
presence of 13 or more pectoral fin rays. The 
few specimens of shortnose gars had preanal 
myomere ranges which overlapped with the 
range of longnose gar; however, postanal myo- 
mere counts were greater than 17. 

Snout width measurements (diagnostic for 
adults) at the nasal pores, mid-snout and an- 
terior to orbit measurements were not reliable 
taxonomic characteristics for larval gar. Mea- 
surements consistently overlapped at compa- 
rable sizes less than 30.0 mm. This is attributed 
to absorption of the adhesive disc organ in 
smaller sizes and allometric growth of various 
body sections at larger sizes. 

Additional characteristics of potential taxo- 
nomic use include the absorption of the ad- 
hesive disc and development of the first fin 
rays. The adhesive disc remnant is completely 
absorbed in alligator gar larvae 14.9 mm, but 
not until after 26.5 mm in shortnose gar, 20.0 
mm in longnose gar, and after 18.0 mm in 
spotted gar. Larval alligator gar were also more 
precocious developing fin rays in median and 
paired fins at a much smaller size (Table 2). 
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Castanea and Fagus (Fagaceae) in Kentucky 


GEORGE P. JOHNSON 


Biology Department, Lindsey Wilson College, 
Columbia, Kentucky 42728 


ABSTRACT 
Documented county distributions, descriptions, notes, and keys are presented for the taxa of Castanea 
and Fagus that occur in Kentucky. Castanea is represented by 2 species, C. dentata (49 counties) and C. 
pumila (8 counties), while Fagus is represented by a single species, F. grandifolia (73 counties). A key to 
the genera of the Kentucky Fagaceae is also included. 


INTRODUCTION 


The Fagaceae includes approximately 800 
species in 8 genera and is widely distributed 
in both hemispheres, excluding tropical and 
southern Africa (1). As treated by Cronquist, 
the Fagaceae belongs to the Fagales of the 
Hamamelidae, and our taxa can be recognized 
by the following suite of characters: trees or 
shrubs; leaves alternate, stipulate, simple, mar- 
gin entire, toothed, or lobed, our species de- 
ciduous; flowers anemophilous and inconspic- 
uous, plants monecious; staminate flowers in 
catkins or small globose heads, pistillate soli- 
tary or clustered, subtended by an involucre; 
fruit a nut that is subtended by an involucre 
of bracts (Quercus) or enclosed within a spiny 
cupule (Castanea and Fagus). 

Elias (2) has treated the Fagaceae in the 
Generic Flora of the Southeastern United States, 
which included generic and family descrip- 
tions, distributional and taxonomic data, in- 
formation on reproductive biology, and an ex- 
tensive bibliography. Although treatments of 
the Fagaceae in Kentucky have been prepared 
by Braun (3), Garmon (4), Meijer (5), and 
Wharton and Barbour (6), these are out of date 
and/or have not included county distributions 
based on herbarium specimens. This study up- 
dates these previous treatments, and is a con- 
tribution toward the knowledge of the flora of 
Kentucky. 


MATERIALS AND METHODS 


This study is based on personal collections 
and on the examination of over 6,000 herbar- 
ium specimens from 47 herbaria. Specimens 
from 40 herbaria were examined in a previous 
study of Castanea (7), and an additional 222 
specimens from 11 herbaria were examined 
for this study. Collections from DHL were un- 
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available for examination, although some DHL 
data were available from the Kentucky Nature 
Preserves Commission’s Natural Heritage Da- 
tabase and some from duplicate specimens. 
Literature records and non-naturalized species 
have been excluded from the distribution maps, 
but have been discusssed where relevant. No- 
menclature for Castanea follows Johnson (7), 
while the nomenclature for Fagus follows Kar- 
tesz and Kartesz (8). 


RESULTS 


In Kentucky, the Fagaceae includes 3 gen- 
era, Castanea, Fagus, and Quercus (to be 
treated elsewhere). Castanea includes 2 native 
species: C. dentata occurs in 49 counties; and 
C. pumila occurs in 8 counties (Fig. 1). Fagus 
includes only 1 native species, F. grandifolia, 
which occurs in 73 counties (Fig. 1). Non-na- 
tive species that are widely cultivated and 
which may be confused with our native species 
are the Chinese chestnut, C. mollissima, and 
the European beech, F. sylvatica. 


KEY TO GENERA AND TAXA 


1) Bark of mature trunk smooth, gray or gray- 
blue; twigs slender, round, pith <5-angled; 
buds lanceolate and sharp pointed, >1 cm 
in length; fruit triangular in cross-section; 
staminate flowers borne in globose heads, 
pistillate borne in pairs F. grandifolia 


1) Bark of mature trunk scaly or furrowed, 
brown or gray-brown; twigs moderate to 
stout, often angled, pith 5-angled; buds ovoid 
and acute, <1 cm in length; fruit round or 
flattened on 1-2 sides in cross-section; sta- 
minate flowers borne in catkins, pistillate 
borne singly or in 8s ..................0.. 2 
2) Buds clustered near tips of twigs, ter- 
minal bud present; buds with >4 visible 
scales; fruit partially enclosed within an 
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Documented county distributions of Castanea and Fagus in Kentucky. 


Fic: 1: 


CASTANEA AND Facus IN KENTUCKY— Johnson vid 


involucre of imbricate scales, spines lack- 
ING, fesiac.cos sudahels Sas cos cahcas Quercus 
Buds evenly spaced on twigs, terminal 
bud usually absent; buds with 2-4 visible 
scales; fruit enclosed within an involucre 
of bracts, spines present 
3) Twigs, buds, and abaxial leaf surfaces 
puberulent to tomentose; pistillate 
flowers borne singly; fruit circular in 
cross-section; cupule 2-valved ..... 
sete oeechew fesaitind Castanea pumila 
3) Twigs, buds, and abaxial leaf surfaces 
glabrous; pistillate flowers borne in 
3s; fruit flattened on 1-2 sides in cross- 
section; cupule 4-valved ......... 
Sa ne ee eer Castanea dentata 


bo 


Discussion 


1) Castanea dentata (Marsh.) Borkh.; Amer- 
ican Chestnut, Chestnut. 


The American chestnut is widely distributed 
throughout the eastern United States and ad- 
jacent Canada (7) and was once a major forest 
tree, especially in the Appalachian region. The 
chestnut provided edible nuts, tannin, and 
many types of wood products before the in- 
troduction of the chestnut blight, Cryphonec- 
tria parasitica (Murr.) Barr, in 1904. Although 
reduced to stump sprouts over its entire range 
within a few years, the chestnut persists. Ef- 
forts to combat the blight have so far been 
unproductive. Thorough reviews of the chest- 
nut blight have been prepared by Anagnostakis 
(9) and Burnham (10), the latter including a 
model by which blight-resistant American 
chestnuts could be produced. 

The chestnut occurs throughout Kentucky 
except for the Bluegrass region, and has been 
collected in 49 counties (Fig. 1). Braun (3) lists 
2 counties for the species and Garmon (4) lists 
an additional 40 that have not been docu- 
mented by specimens. The chestnut grows best 
in acid, well-drained soils, and at one time was 
a major component of several communities (11). 
The chestnut is quite distinctive and is usually 
not confused with other species, except possi- 
bly Castanea pumila (see below), or the cul- 
tivated Chinese chestnut, C. mollissima Blume. 
The American chestnut is distinguished by its 
large, thin, lanceolate or lance-elliptic leaves 
that are glabrous on the undersurfaces, and by 
its glabrous twigs. The sprouts often occur at 


the base of dead trunks or stumps, and seldom 
produce flowers or fruits. 


2) Castanea pumila (L.) Miller; Chinquapin, 

Chinkapin, Chincapin. 

The chinquapin occurs throughout the 
southeastern United States, with Kentucky's 
plants belonging to variety pumila (7). Because 
of its small size, growth form, and small nuts, 
this species has been unimportant from an eco- 
nomic standpoint, although it is important to 
wildlife. The blight also affects the chinquapin, 
but not to the same extent as the chestnut. 
Rapid sprouting and suckering soon replace 
blight-stricken stems. 

The chinquapin has been collected from 8 
Kentucky counties, mostly in the southeastern 
part of the state (Fig. 1). It grows best in dry, 
open woodlands, often under pines. The chin- 
quapin also does well in disturbed areas along 
roads and powerline clearings where compe- 
tition is reduced. Because of its limited distri- 
bution and rarity in Kentucky, Warren et al. 
(12) listed Castanea pumila as an endangered 
species in this state. Garmon (4) listed 13 coun- 
ties for the chinquapin that have not been sub- 
stantiated by herbarium specimens, although 
most of these would be likely locations for the 
species, given its known distribution. The chin- 
quapin can be easily overlooked unless it is in 
flower, and then the plant is quite odorous and 
showy. 

Vegetatively, the chinquapin can be distin- 
guished from the American chestnut on the 
basis of its pubescent leaf undersurfaces and 
twigs, although these cannot be used to distin- 
guish it from the widely cultivated Chinese 
chestnut. The Chinese chestnut grows much 
larger than the chinquapin, and has leaves that 
are usually much larger, thicker, and glossier 
than are those of the chinquapin. Additionally, 
the twigs of the Chinese chestnut are thicker 
and their lenticels are more prominent than 
are those of C. pumila. The cupules of the 
chinquapin (sect. Balanocastanon) easily dis- 
tinguish it from either the American or Chinese 
chestnuts (sect. Castanea). Chinquapin cupules 
have a single flower or nut, 2 valves, and are 
approximately 3 cm in diameter. The cupules 
of the American and Chinese chestnuts have 
3 flowers or nuts (sometimes more in the 
Chinese), 4 valves, and are approximately 6- 
11 cm in diameter. 
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Although no specimens exist, a rare hybrid, 
C. x neglecta Dode (C. dentata  C. pu- 
mila), might also occur in Kentucky (7). This 
taxon has leaves which are similar in size and 
shape to those of the American chestnut, but 
the undersurfaces are pubescent, as are the 
twigs. 


3) Fagus grandifolia Ehrh.; American Beech, 
Beech. 


The beech occurs throughout the eastern 
United States and adjacent Canada (13), with 
a disjunct variety, var. mexicana (Martinez) 
Little, occurring in Mexico (14). Numerous 
products have been produced from the wood, 
and the species serves as a valuable resource 
for wildlife. 

The beech can be found throughout Ken- 
tucky (73 counties) (Fig. 1), although at one 
time it was uncommon in the Bluegrass (4) and 
was apparently absent from the Inner Blue- 
grass (3). Braun (3) listed 6 counties and Gar- 
mon (4) listed an additional 37 for the species 
that have not been verified by herbarium spec- 
imens. The species grows in a variety of hab- 
itats, but reaches its maximum size in the rich, 
moist soils of stream valleys. Huge specimens 
can be found in the Big Woods area of Mam- 
moth Cave National Park and in the coves of 
Kentucky's Appalachian Mountains. 

The beech is not often confused with other 
native species. The smooth, gray bark of the 
trunk (often with initials), elongated buds, tri- 
angular-shaped nuts, and the glossy, leathery, 
serrate-margined leaves are all distinctive 
characters of the American beech. Occasion- 
ally, the widely cultivated European beech is 
confused with our native species in an urban 
setting. The European species can be distin- 
guished by its leaves that have 5-9 pairs of 
veins, whereas our species has 9-14 pairs. There 
are numerous cultivars of the European beech. 
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ABSTRACT 


The unionid fauna of Buck Creek, a fifth-order tributary of the upper Cumberland River, was surveyed 


Fifty-six collections from 24 sites along the mainstem were examined. The unionid community of Buck 
Creek consisted of 29 species, of which 10 belonged to the Cumberlandian faunal group. Two species, Villosa 
trabalis and Pegias fabula, are listed as endangered on the federal endangered species list. Seven other 
species have been assigned conservation status in Kentucky and warrant special concern. Buck Creek has 
the most diverse extant unionid fauna of any of the major tributaries of the upper Cumberland River that 


have recently been surveyed 


INTRODUCTION 


Buck Creek, a fifth-order tributary of the 
upper Cumberland River, has exceptionally 
good water quality and aquatic faunal diver- 
sity (1), but very little has been published con- 
cerning this stream. Two major unionid sur- 
veys within the Cumberland River system have 
been published (2, 3), but neither study in- 
cluded Buck Creek. Ortmann (4, 5, 6) stated 
that the Cumberlandian unionid fauna was 
unique and deserved special consideration. 
However, since Ortmann’s time a great many 
changes have taken place in the upper Cum- 
berland River system. These changes included 
the construction of Wolf Creek Dam, which 
led to the establishment of Lake Cumberland, 
and extensive surface strip mining, which has 
led to the serious degradation of water quality 
throughout the upper Cumberland system. For 
these reasons, most of the unionid species in 
the mainstem have been extirpated (7). Many 
of the major tributaries have also been severely 
impacted due to these activities (8, 9). Of the 
major tributaries of the upper Cumberland be- 


' Present address: Florida Game and Fresh Water Fish 
Commission, Division of Fisheries, 207 West Carroll Street, 
Kissimmee, Florida 32741. 
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low Cumberland Falls, Buck Creek remains 
one of the least impacted (1). 

A recent study of the fishes of Buck Creek 
(10) showed that this stream was an important 
refugium in the Cumberland River system. 
Buck Creek had never been systematically sur- 
veyed for unionids, but with the discovery of 
the federally endangered Villosa trabalis, in- 
terest in the stream intensified. In the late 1970s 
a new bridge at the State Route (SR) 461 cross- 
ing was proposed (11), and with the subsequent 
site surveys for this project, it became clear 
that virtually nothing was known about the 
unionids. All of these factors helped precipitate 
the current study. 


Stupy AREA 


Buck Creek is a fifth-order stream that lies 
primarily in Pulaski County, Kentucky with 
its headwaters arising in Lincoln County and 
additional tributaries originating in Rockcastle 
County. Draining 767 sq km and having a 
length of 107.2 km (10), the stream empties 
into the Cumberland River (Lake Cumber- 
land) at river km 859. As part of the middle 
Cumberland River Subsystem (12), Buck Creek 
lies almost entirely within the Eastern High- 
land Rim (13). The surface geology is com- 
posed primarily of Mississippian Age limestone 
with limited exposures of shale bedrock in the 
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Fic. 1. Map of Buck Creek mainstem, Kentucky, show- 
ing collection sites 


northeastern portion of the basin. According 
to Harker et al. (1, 12), Buck Creek has high 
water quality and is well oxygenated and well 
buffered. 

In the upper portions of Buck Creek the 
stream forms numerous braids that, during the 
dry summer months, may become isolated 
stagnant pools or dry up altogether. The sub- 
strate consists of coarse sand, gravel and small 
cobbles. Downstream, the substrate gradually 
changes to coarse limestone rubble and slab 
boulders with extended areas of cracked bed- 
rock. Because of the coarser substrates, as well 
as deeper water, the lower portions of the 
stream are very hard to sample. The last 2 
stations (Fig. 1) are inundated by Lake Cum- 
berland for periods of the year and have a 
substrate of soft mud. Because of the very wide 
fluctuations of water levels throughout the year, 
this area is almost devoid of unionids. 


The Buck Creek drainage area is primarily 
agricultural, and the margins of the stream are 
generally covered with forested areas. Coal 
stripmines and limestone quarries do occur in 
the watershed south of SR 80 but comprise less 
than 1% of the watershed area (10). In addi- 
tion, some gravel removal has taken place be- 
low SR 39 bridge. 


METHODS AND MATERIALS 


The entire length of the mainstem of Buck 
Creek was hand sampled for unionids. This 
involved walking the shoreline and the stream, 
where possible, searching for both live speci- 
mens and empty shells. Plexiglass water scopes 
and mask and snorkel were used where con- 
ditions permitted. The occurrence and number 
of live specimens, replaced in the stream, were 
recorded. A comprehensive collection of valves 
from each locality was made; representative 
specimens of each species were retained and 
eventually catalogued into the mussel collec- 
tions of Eastern Kentucky University (EKU) 
and Ohio State University Museum of Zoology 
(OSUM). Other collections are housed at Har- 
vard University Museum of Comparative Zo- 
ology (MCZ), Kentucky Department of Fish 
and Wildlife Resources (KDFWR), the Uni- 
versity of Michigan Museum of Zoology 
(UMMZ), and Tennessee Valley Authority 
(TVA). A section of Buck Creek between SR 
80 and SR 192, which was inaccessible by car, 
was canoed and thoroughly sampled. In ad- 
dition, all known collections by other workers 
were examined and are included in these rec- 
ords. The common names used in the species 
accounts are taken from Turgeon et al. (14). 

The collecting sites are mapped in Figure 
1. Given in Table 1 is the exact locality for 
each site as well as the records of all collections 
made at that site. The deposition of each col- 
lection is given in parentheses after each col- 
lection record. All 56 collections were made in 
the mainstem of Buck Creek flowing through 
Pulaski County. 


RESULTS AND DISCUSSION 


A total of 29 species of unionids were col- 
lected from Buck Creek (Table 2). Of these 
species, Quadrula pustulosa, Villosa lienosa 
and Ligumia recta are known only from 
weathered dry specimens. All of the remaining 
species are known from either live or fresh 
dead specimens. Certain unionids displayed a 
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TaBLeE 1. Collecting sites and records for Buck Creek, 
Kentucky. 
Sites Collection records 


TaBLE 1. Continued. 


Sites Collection records 


1 Confluence of Buck Cr. with Gilmore Cr., at Lin- 
coln and Pulaski co. lines, 21 Sept. 1984, R. S. 
Butler and G. A. Schuster (EKU). 

2 1.0 km downstream from SR 328 crossing, 27 
July 1984, R. S. Butler, P. M. Mastrangelo, G. 
A. Schuster (EKU). 

3. At the crossing of Goochtown Rd., 10 May 1985, 
R. S. Butler, G. A. Schuster (EKU) 

4 At Fairview Rd. Ford, W of Clarence, 8 Oct. 
1980, W. Davis (KDF WR); 27 July 1984, R. S. 
Butler, P. M. Mastrangelo, G. A. Schuster (EKU). 
5 km downstream from the crossing of SR 70, 
30 Oct. 1975, D. H. Stansbery (OSUMZ); 3 Nov. 
1983, R. S. Butler, G. A. Schuster (EKU). 

5 Downstream from the crossing of SR 70, 30 Oct. 
1975, D. H. Stansbery (OSUMZ); 3 Nov. 1983, 
R. S. Butler, G. A. Schuster (EKU). 

6 0.1 km upstream from the crossing of SR 39, July 
1968, S. Blankenship (EKU); 31 Oct. 1975, D. 
H. Stansbery (OSUMZ); 3 Nov. 1983, R. S. But- 
ler, G. A. Schuster (EKU); 13 Sept. 1984, R. S. 
Butler (EKU). 

7 5.0 km upstream from the crossing of SR 461 on 
Price-Bennett Rd., 10 Oct. 1983, R. S. Butler, 
G. A. Schuster (EKU), 

8 At the crossing of SR 461, 31 Oct. 1975, D. H. 
Stansbery (OSUMZ); 13 July 1978, J. R. 
MacGregor et al. (OSUMZ); 30 Aug. 1978, J. 
R. MacGregor et al. (OSUMZ); 13 May 1979, 
S. Ahlsted, R. Currie (TVA); 25 May 1981, G. 
J. Fallo (OSUMZ); 11 Sept. 1982, R. S. Butler, 
S. L. Steele (EKU); 25 Sept. 1983, R. S. Butler 
et al. (EKU). 

9 At the crossing of SR 1677, 31 Oct. 1975, D. H. 
Stansbery (OSUMZ); 13 June 1978, S. M. Call 
et al. (OSUMZ); 9 Sept. 1978, L. Kornman 
(EKU); 18 Oct. 1978, S. M. Call et al. (OSUMZ); 
9-10 June 1980, J. MacGregor et al. (OSUMZ); 
12 July 1980, S. M. Call, R. J. DiStefano (OS- 
UMZ); 18 Aug. 1982, R. S. Butler (EKU); 19 
Oct. 1982, R. S. Butler, C. A. Roth (EKU); 10 
Oct. 1983, R. S. Butler, G. A. Schuster (EKU). 

10 2.0km upstream from the crossing of SR 80 along 
Leo Gilliland Rd., 13 June 1978, S. M. Call et 
al. (OSUMZ); 12 July 1978, J. R. MacGregor, 
E. G. Amburgey (OSUMZ); 30 Sept. 1983, R. 
S. Butler, M. A. Luthman, G. A. Schuster (EKU). 

11 At the crossing of old SR 80 at Stab, July 1968, 
S. Blankenship (EKU); 23 Sept. 1971, J. J. and 
C. S. Jenkinson (OSUMZ); 28 July 1973, D. L. 
Batch (EKU); 15 Aug. 1974, D. H. Stansbery, 
W. J. Clench, C. Boone (OSUMZ); 22 April 
1978, L. T. McGeehan, M. Coburn (OSUMZ); 
11 Oct. 1980, G. J. Fallo (OSUMZ); 17 Aug. 
1982, R. S. Butler (EKU). 

12 1.0 km SW of Stab, 3.5 km ESE Shopville, 13 
Aug. 1984, R. S. Butler, G. A. Schuster (EKU). 

13. 4.5 km SE of Shopville, 1.0 km N of Bent, 13 
Aug. 1984, R. S. Butler, G. A, Schuster (EKU). 

14. At the confluence of Bridge Hollow, adjacent to 
SR 1003, 19 June 1982, G. J. Fallo (OSUMZ). 


15. 1.5 km NNE of Bent, 3.0 km S$ of Stab, 13 Aug. 
1984, R. S. Butler, G. A. Schuster (EKU) 

16 1.9 km ENE of Bent, 4.4 km NW of Whetstone, 
19 June 1982, G. J. Fallo (OSUMZ). 

17. 4.0 km NW of Whetstone, 1.8 km ENE of Bent, 
13 Aug. 1984, R. S. Butler, G. A. Schuster (EKU). 

18 At the crossing of SR 1003, 31 Oct. 1975, D. H. 
Stansbery (OSUMZ); 17 Aug. 1982, R. S. Butler 
(EKU); 20 Oct. 1983, R. S. Butler, G. A. Schus- 
ter (EKU); 14 Aug. 1984, R. S. Butler, G. A. 
Schuster (EKU) 

19 0.4 km SSW of Ula, 3.2 km N of Dykes, 14 Aug. 
1984, R. S. Butler, G. A. Schuster (EKU). 

20 =1.0 km E of crossing of SR 192, 2.0 km ESE of 
Dykes, 14 Aug. 1984, R. S. Butler, G. A. Schu- 
ster (EKU) 

21 At the crossing of SR 192, 17 May 1959, H. D 
Athearn (MCZ and UMMZ), 23 July 1972, D. 
L. Batch (EKU); 19 Aug. 1983, R. S. Butler 
(EKU). 

22. 2.4 km downstream of the crossing of SR 192, 3 
May 1981, R. S. Butler, R. R. Cicerello (OS- 
UMZ). 

23. 5.3 km NNE of Hail along SR 1097, 3 June 1968, 
G. Bastin (EKU). 


24 1.0 km W of Hail, 4 June 1968, G. Bastin (EKU) 


preference for stream size along the mainstem. 
For instance, 7 species (Pegias fabula, Quad- 
rula pustulosa, Cyclonaias tuberculata, Pty- 
chobranchus subtentum, Ligumia recta, 
Epioblasma triquetra, and E. capsaeformis) 
were found only in the fifth-order portion of 
Buck Creek. However, only Anodonta imbe- 
cillis was wholly restricted to the fourth-order 
mainstem. Of the 29 species, 10 are members 
of the Cumberlandian fauna (Table 2), which, 
according to Ortmann (5), originated and are 
restricted to the Cumberland and Tennessee 
river systems. The remaining species are more 
widely distributed within the Mississippi River 
basin. Included in these 29 species are Villosa 
trabalis and Pegias fabula, which are on the 
federal endangered species list. These 2, as well 
as 7 other species, have various types of con- 
servation status in Kentucky (Table 3). In other 
words, one-third of the species living in Buck 
Creek are in need of some sort of protection 
to insure their preservation in Kentucky. Buck 
Creek is acting as an important refugium for 
these species. Another way to measure the im- 
portance of Buck Creek is to compare its 
unionid fauna to faunas in adjacent, similar 
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Comparative species composition of unionids from major tributaries of the upper Cumberland River below 


Species Buck 


Streams 


Little S. Fork Horse Lick Rockcastle Pitman 


Anodonta grandis 
A. imbecillis x 
Strophitus undulatus xX 
Alasmidonta viridis x 
A. marginata 

Pegias fabula* xX 
Lasmigona costata xX 
Tritogonia verrucosa Xx 
Quadrula pustulosa X 
Amblema plicata 

Cyclonaias tuberculata ».¢ 
Pleurobema oviforme* X 
P. sintoxia 

Elliptio dilatatus xX 
E. crassidens 

Ptychobranchus fasciolaris x 
P. subtentum* xX 
Actinonais |. gibba 

A. l. carinata 

A. pectorosa 

Obovaria subrotunda 
Truncilla truncata 
Leptodea fragilis 
Potamilus alatus 

P. ohiensis 

Toxolasma lividus* 
Medionidus conradicus 
Ligumia recta 

Villosa trabalis*t 

V. iris 

V. taeniata punctata 
V. lienosa* 

Lampsilis ventricosa 

L. ovata 

L. fasciola 

Epioblasma triquetra* 
E. brevidens* 

E. capsaeformis* 


Totals 


wn Aw 


KKK KKK KKK AA 


Ae KK 


bo 
oO 


* = Species assigned conservation status in Kentucky 
+ = Species assigned protection status by Federal government 


sized streams within the Cumberland River 
basin. In recent years intensive surveys have 
been conducted on the Little South Fork of 
the Cumberland River (8), Horselick Creek 
(15) and the Rockcastle River (9). In addition, 
some work has been done on Pitman Creek 
(Butler and Schuster, unpubl. data). A com- 
parison of faunas among these streams (Table 
3) indicates that Buck Creek has the largest 
number of species. Buck Creek has 4 species 
which have not recently been found in the 
other streams: Potamilus ohiensis, Epioblasma 
triquetra, E. brevidens and E. capsaeformis. 
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The status of the entire genus Epioblasma 
should be of crucial concern (16, 17). Within 
Kentucky, the only species that is widespread 
is E. triquetra. 

With the virtual eradication of unionids in 
the main channel of the upper Cumberland 
River due to the closing of Wolf Creek Dam 
in 1952 (7), survival of unionids depended on 
the quality of its tributaries. Buck Creek is one 
of the few major tributaries that has suffered 
minimal degradation. The major perturbation 
in the other tributaries has been surface min- 
ing. Relatively undisturbed critical habitat for 
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such species as Villosa trabalis and other un- 
common Cumberlandian species remains in 
Horselick Creek (15) and Buck Creek. Epio- 
blasma brevidens and E. capsaeformis in Ken- 
tucky appear to be restricted to Buck Creek 
and the upper portions of the Big South Fork 
of the Cumberland River (the lower portions 
are severely impacted by mining and im- 
poundment). Initial studies of the Big South 
Fork of the Cumberland River have indicated 
that portions of the stream have a relatively 
rich unionid fauna. 

Buck Creek, however, is not without its im- 
mediate problems. In the vicinity of SR 39 (site 
6), active gravel removal from the stream bed 
has been observed. A previous study (18) doc- 
umented decreased macroinvertebrate diver- 
sity due to gravel mining activities at this site. 
At least in part for this reason, only 7 species 
were collected there (Table 2). The lower por- 
tion of the stream is greatly affected by Lake 
Cumberland making it the least diverse site in 
the free-flowing mainstem (Table 2). This 
stretch has no doubt seen a tremendous change 
since the time of impoundment. Only 2 species 
were collected in this section of the stream 
(Table 2). In addition, the effect of agricultural 
practices may have been profound. It is not 
uncommon for clearcutting and plowing to be 
carried out to the edge of the stream thereby 
increasing siltation within the stream. The use 
of herbicides and pesticides within the drain- 
age may also be harmful to unionids. Such 
agricultural pollutants may have already con- 
tributed to the demise of several species, par- 
ticularly in the lower half of the mainstem. 
Some species (e.g., Elliptio dilatata, Obovaria 
subrotunda, Medionidus conradicus, Villosa 
trabalis, V. taeniata punctata, and Lampsilis 
fasciola) were commonly found alive up- 
stream from site 10, but were rarely if ever 
found alive in the lower mainstem. Twenty- 
one species were observed alive upstream of 
site 10, while only 10 were found alive down- 
stream from site 11. 

Harker et al. (1) indicated that the Soil Con- 
servation Service suggested that a series of low- 
level dams be constructed the length of Buck 
Creek. It is hoped that this never comes to 
fruition, since it has been established that, al- 
though such dams are advantageous for some 
species, the majority of unionids do not tolerate 
such impoundments. 


For the present, Buck Creek has high water 
quality (1), and this is borne out by the diverse 
resident unionid fauna. In order to protect this 
fauna it is suggested that the highest possible 
water quality be maintained. Buck Creek 
should be periodically monitored to insure this. 
Otherwise, the continued existence of an im- 
portant state and national biological resource 
is at stake. 


ACKNOWLEDGMENTS 


We thank R. R. Cicerello, M. A. Luthman, 
P. M. Mastrangelo, C. R. Roth, S. L. Steele and 
M. J. Vogel for field assistance. We also thank 
all persons who have, over the years, collected 
unionids from Buck Creek; they have unwit- 
tingly helped us immensely in our endeavor. 
R. R. Cicerello (KNPC) and R. I. Johnson (MCZ) 
made collections and specimens available to us 
for this study. R. R. Cicerello, S$. M. Call and 
W. Haag critically reviewed the manuscript 
and provided valuable suggestions. 


LITERATURE CITED 


1. Harker, D. F., Jr., S. M. Call, M. L. Warren, Jr., K. 
E. Camburn, and P. Wigley. 1979. Aquatic biota and 
water quality survey of the Appalachian Province, eastern 
Kentucky. Tech. Rep. Ky. Nat. Pres. Comm., Vol. 1, 
Frankfort 

2. Wilson, D. B. and H. W. Clark. 1914. The mussels 
of the Cumberland River and its tributaries. Bur. of Fish. 
Doc. 781:1-63. 

3. Neel, J. K.and W.R. Allen. 1964. The mussel fauna 
of the upper Cumberland Basin before its impoundment. 
Malacologia 1:427-459. 

4. Ortmann, A. E. 1918. The naiades (freshwater mus- 
sels) of the upper Tennessee drainage, with notes on syn- 
onymy. Proc. Am. Philos. Soc. 57:521-626. 

5. Ortmann, A. E. 1924. The naiad fauna of Duck 
River in Tennessee. Am. Midl. Nat. 9:18-62. 

6. Ortmann, A. E. 1925. The naiad fauna of the Ten- 
nessee River system below Walden Gorge. Am. Midl. Nat. 
9:321-372, 

7. Miller, A. C., L. Rhodes, and R. Tippit. 1984. 
Changes in the naiad fauna of the Cumberland River 
below Lake Cumberland in central Kentucky. Nautilus 
98:107-110. 

8. Starnes, L. B. and A. E. Bogan. 1982. Unionid mol- 
lusks (Bivalvia) from Little South Fork Cumberland River, 
with ecological and nomenclatural notes. Brimleyana 8: 
101-119. 

9. Thompson, Y. L. 1985. The mussel fauna of the 
Rockcastle River system, Kentucky (Bivalvia: Unionidae). 
Unpubl. Thesis. Eastern Kentucky University, Richmond. 
52 pp. 


10. Cicerello, R. R. and R. S. Butler. 1985. Fishes of 


UNIONIDS IN Buck CREEK, KeENtucKy—Schuster et al. 85 


Buck Creek Cumberland River Drainage, Kentucky. 
Brimleyana 11:133-159. 

11. Wilson, R. C. 1978. Aquatic ecosystem analysis: 
Pulaski County, KY 461, Buck Creek bridge. Division of 
Environmental Analysis, Ky. Dept. Transport. Publ. No, 
8-169.1:1-51 

12. Harker, D. F., Jr, M. L. Warren, Jr., K. E. Cam- 
burn, S. M. Call, G. J. Fallo, and P. Wigley. 1980. Aquatic 
biota and water quality survey of the upper Cumberland 
River Basin. Tech. Rep. Ky. Nat. Pres. Comm., Vol. 2, 
Frankfort. 

13. Quarterman, E. and R. L. Powell. 1978. Potential 
ecological/geological natural landmarks on the Interior 
Low Plateau. U.S, Dept. Interior, Washington, D.C. 

14. Turgeon, D. D., A. E. Bogan, E. V. Coan, W. K. 
Emerson, W. G. Lyons, W. L. Pratt, C. F. E. Roper, A. 
Scheltema, F. G. Thompson, and J. D. Williams. 1988. A 

list of common and scientific names of aquatic inverte- 
brates from the United States and Canada: mollusks. Amer- 
ican Fisheries Society, Special Publ. 16:1-277. 


15. DiStefano, R. J. 1984. Freshwater mussels (Bival- 
via: Unionidae) of Horse Lick Creek, Rockcastle River, 
Kentucky. Nautilus 98:110-113. 

16. Stansbery, D. H. 1971. Rare and endangered mol- 
lusks in eastern United States. Pp. 5-18. In S. E. Jorgenson 
and R. E. Sharp (eds.) Proceedings of a symposium on rare 
and endangered mollusks (naiads) of the U.S. Bur. Sport 
Fish. Wildl., U.S. Fish. Wildl. Ser., Dept. of Interior, Wash- 
ington, D.C. 

17. Johnson, R. I. 1978. Systematics and zoogeography 
of Plagiola (=Dysnomia, =Epioblasma) an almost extinct 
genus of freshwater mussels (Bivalvia: Unionidae) from 
Middle North America. Bull. Mus, Comp. Zool. 148:239- 
321 

18. Butler, R. S. 1986. Comparative feeding ecology 
of darters (Percidae: Etheostoma) in Buck Creek, Pulaski 
County, Kentucky. Unpubl. Thesis. Eastern Kentucky Uni- 
versity, Richmond. 247 pp 


Trans. Ky. Acad. Sci., 50(1-2), 1989, 86-93 


A Preliminary Assessment of the Louisville 
Urban Heat Island 
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Louisville, Kentucky 40292 


ABSTRACT 


The results of an initial investigation of the urban heat island for Louisville, Kentucky are reported here, 


based upon temperature traverses through the city. We hypothesized that surface geometry of the urban 
area is a primary factor in the creation of the heat island and tested this hypothesis by examining the 


relationship between sky-view factors and temperatures. The existence of a strong heat island under “ideal” 


meteorological conditions and a direct relationship between the strength of the heat island and view factors 


was demonstrated. Comparisons with heat islands in other cities also were made. 


INTRODUCTION 


The “urban heat island” has been docu- 
mented by various means for some 150 years 
(1). The vast majority of studies regarding ur- 
ban climate have involved the determination 
of urban/rural temperature differences, usu- 
ally measured at 2 locations, 1 near the city 
and | in the surrounding rural environs (2). 
More recently (3), studies have begun to focus 
more on the causes of the observed tempera- 
ture differences. In fact, several recent studies 
have analyzed components of the energy bal- 
ance of urban areas (4). An understanding of 
the processes involved in the modification of 
the urban environment is becoming essential 
as urban areas continue to grow and concerns 
about urban air quality and local climate mod- 
ification receive more attention. 

In this study, we report our initial investi- 
gation of the Louisville, Kentucky urban heat 
island based upon the results of temperature 
measurements recorded during 2 traverses 
through the city. We hypothesized that the 
surface geometry of the urban area was a pri- 
mary controlling factor in the creation of the 
heat island. We tested this hypothesis by ex- 
amining the relationship between sky-view 
factors and temperatures for selected locations 
in the study area. Finally, urban/rural tem- 
perature differences for Louisville were ex- 
amined within the context of heat-island mag- 
nitudes for other North American cities. 


MEASUREMENT OF TEMPERATURE 


Louisville is located on the Ohio River 
(38°15'N, 85°45'W) and has a population of 
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270,000 within the city limits. The population 
of the entire metropolitan area is nearly | mil- 
lion. To the best of our knowledge, the urban 
heat island for Louisville has not been docu- 
mented (5). Consequently, we were interested 
first in confirming the existence of a heat is- 
land. Previous research indicated that largest 
urban/rural temperature differences tend to 
be associated with clear, calm conditions dur- 
ing the summer and fall months (6). As such, 
we selected for our transects a night (actually 
early morning hours between 0400 EST and 
0615 EST on 12 November 1987) when con- 
ditions would theoretically favor the devel- 
opment of an intense heat island. The passage 
of a cold front 24 to 36 hours prior to our 
measurements produced cloud-free conditions 
with low humidities and light winds. A check 
of National Weather Service records from 
Standiford Field for 12 November indicated 
temperatures of —2.2°C, —1.7°C and —1.7°C 
for the hours of 0400, 0500 and 0600 EST, 
respectively. The minimum for that night was 
—2.2°C. Wind velocities for the 3 hours were 
3.1 ms~!, 2.7 ms~! and 2.7 ms~! from the 
southwest. 

Temperature measurements along the se- 
lected transect routes were made using a YSI 
Model 42 SC tele-thermometer with thermis- 
tor probe. The probe was shielded (using a 
polished aluminum cylinder approximately 120 
mm in diameter) and mounted on a l-m ver- 
tical support attached to the front bumper of 
an automobile. This arrangement minimized 
any thermal contamination by the vehicle en- 
gine. Measurements were made only when the 
vehicle was in motion; in fact, no observable 
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temperature changes occurred even when the 
vehicle was stopped by traffic signals. During 
the measurement periods an attempt was made 
to keep speed constant at approximately 50 
km per hour. 

Two routes were selected for the tempera- 
ture measurements (Fig. 1). The first route ex- 
tended in a north-south direction begining in 
Clark County (located in southern Indiana) and 
ended at the southern Jefferson County line. 
The second transect ran parallel to the Ohio 
River in a southwest-northeast direction and 
intersected the first transect in downtown 
Louisville. Forty-two measurements were re- 
corded at predetermined locations along the 
35-km length of the first transect; 52 mea- 
surements were made along the 61-km length 
of the southwest-northeast transect. During the 
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Location map of Louisville and Jefferson County and the routes along which temperatures were recorded. 


measurement periods, 1 passenger monitored 
the tele-thermometer indicator and a second 
passenger recorded the observed tempera- 
tures. 


OBSERVED TEMPERATURE PROFILES 


Results of the temperature transects are pre- 
sented in Figures 2 (north-south route) and 3 
(southwest-northeast route). A discernible heat 
island was apparent in both transects, with 
maximum temperatures occurring in the cen- 
tral business district (CBD). The maximum 
temperature difference along both transects was 
7.5°C. We assumed that temperatures had sta- 
bilized during the measurement period, given 
the official temperature readings at the airport 
and given that temperatures measured at the 
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intersection of the 2 routes over a 90-minute 
interval were identical. 

Both transects show numerous “peaks and 
valleys” of temperature along the transects, a 
few of which we note below. There are, also, 
noticeable gradients of temperature in both 
profiles. The north-south profile exhibits re- 
gions where the temperature gradient is quite 
steep (nearly 1°C per km), in effect defining 
the edge of the heat island. This pronounced 
gradient is associated with the rapid transition 
from rural to urban conditions, especially on 
the northern portion of this transect. The gra- 
dient along the southwest-northeast route is 
considerably weaker, especially along the 
southwest side of the profile. Again, we attrib- 
uted this gradual change to land-use patterns 
that make the urban/rural transition less evi- 
dent. We do note that the southwest-northeast 
route basically followed the Ohio River and 
was, in certain locations, quite close to the riv- 
er. However, large levees border the river over 
much of the southwest side of the route and 
effectively shielded the route from riverine in- 
fluence. For the most part (with 2 possible ex- 
ceptions noted below) we do not believe that 
the Ohio River influenced the temperature 
profiles to any great extent. 

In addition to the general trends and regions 
of strong gradients noted above, we wish to 
comment upon a few of the peaks and valleys 
encountered during the traverses. We caution 


Temperatures recorded along the north-south route 


that the following observations have not been 
confirmed by other measurements (e.g., in- 
frared thermometry) and are presented here 
solely to attempt to account for some of the 
observed variations. 

Two points along the north-south traverses 
are worth noting; the first occurred at the 26- 
km marker and the second near the 32-km 
marker. The marked decrease in temperature 
at the first location we attributed to strong 
radiative cooling. Although located within the 
city limits, this measurement site bordered a 
U.S. Naval Ordnance Plant that is surrounded 
by several acres of short grass in sharp contrast 
to the surrounding land that is dominated by 
light industry and residential areas. A small 
park also borders the Naval Ordnance prop- 
erty. Consequently, the low-heat capacity of 
the vegetated surface in combination with the 
“open” nature of the site (resulting in minimal 
radiative exchange with objects in the sur- 
rounding environment) would act to maximize 
radiative heat loss. 

The second location mentioned above—evi- 
denced by a sharp peak in the temperature 
profile—occurred at a highly developed “com- 
mercial intersection” near the county border. 
This developed intersection is an anomaly, set 
as it is within residential areas with large lots 
and undeveloped areas of open field or wood 
lots. Given the rather limited vertical devel- 
opment near this intersection, we attributed 
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SOUTHWEST — NORTHEAST ROUTE 


TEMPERATURE °C 


KILOMETER MARKER 


Fic. 3. 


the increased temperature to greater retention, 
and subsequent emission, of heat by the sub- 
strate and buildings. 

Several temperature peaks along the south- 
west-northeast route are worthy of comment, 
although possible explanations are somewhat 
more speculative. Both the rapid rise in tem- 
perature following the 5-km marker, as well 
as the minor peak at the 24-km marker, were 
recorded as our vehicle passed under plumes 
emitted from 2 large electrical generating 
plants. Both plumes were quite evident against 
the clear night sky. Stack heights were ap- 
proximately 185 m at both plants. We suggest 
that the observed increases in temperature un- 
der the plumes may have been caused by an 
increase in the emission of longwave radiation 
from the plumes (acting as a “local greenhouse 
effect’’). 

Two additional temperature peaks—at the 
82- and 93-km markers—were tentatively at- 
tributed to the influence of water. At the 82- 
km marker, the road we traveled was in close 
proximity to the Ohio River (there are no 
levees on this section of the river). The mea- 
surement at the 93-km marker was made on 
a bridge that spans a tributary of the Ohio and, 
consequently, may have been influenced by 
the warmer water immediately below the 
bridge. We again caution the reader that these 
explanations are our opinions and that, at pres- 


Temperatures recorded along the southwest-northeast route. 


ent, we have no corroborating evidence to sup- 
port these observations. 


ESTIMATION OF SKY- VIEW FACTORS 


One of the explanations offered to account 
for urban/rural temperature differences pos- 
tulates that significant variations exist between 
the surface geometries of rural and urban land- 
scapes (7). Where the surface is “rough” (such 
as in an urban area with large buildings and 
narrow streets), more solar radiation will be 
absorbed and less longwave radiation will be 
emitted to the open sky due to absorption by 
objects composing the rough surface. One 
method of determining the roughness of a sur- 
face involves estimating the view factor for a 
radiating element on that surface. Roughly 
speaking, the sky-view factor represents the 
proportion of the radiating environment (nor- 
mally a hemisphere) that is obstructed by sur- 
rounding buildings, trees, etc. (8). Different 
procedures are available for calculating sky- 
view factors, including a method that estimates 
view factors from “‘fish-eye’”’ lens photographs 
(9). A fish-eye lens, when mounted on a camera 
and pointed toward the local vertical, will pro- 
vide a visual image of the view factor for that 
particular location on the surface. 

We took a simplified approach to estimating 
sky-view factors in our work. After tempera- 
ture measurements were recorded and plotted, 
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we selected a number of points along both 
routes for view-factor analysis. At these loca- 
tions (39 of the possible 94 temperature mea- 
surement sites) a Nikon Model N2000 35-mm 
camera equipped with a fish-eye lens was 
placed on the roadway, leveled, and a photo- 
graph taken. Two such photographs, Figures 
4 and 5, were chosen to represent extremes in 
what a radiating (or receiving) element on the 
surface would “see.” Prints of all 39 photo- 
graphs were then made and, subsequently, 2 
of the authors were asked independently to 
rank the sky-view photographs from least to 
most obstructed. Their results were plotted 
against temperature at the respective locations. 
One of these plots is presented in Figure 6. 
The other is not reproduced here since both 
rankings were quite similar. 

Perusal of Figure 6 reveals that there is a 
significant increase in temperature as view fac- 
tors become more obstructed, although there 
is a considerable scatter of points about the 
best-fit line. For all 39 observations, the best- 
fit line is plotted as a dashed line. However, 
further examination of the residuals revealed 


A fisheye-lens photograph illustrating an obstructed urban environment 


that there were several cases in which, given 
the degree to which the sky was obstructed, 
the predicted temperatures were considerably 
underestimated. These locations, indicated by 
the blackened squares on the plot, were ex- 
amined more closely. Inspection of the sky- 
view photographs for these locations revealed 
that a large number of trees surrounded the 
perimeter of these photographs. Virtually all 
trees were deciduous and, at this time of year, 
free of leaves. Nevertheless, the branches gave 
the appearance of considerable obstruction at 
large zenith angles, thereby resulting in a higher 
“obstruction ranking” by the 2 authors. We 
assume that bare branches, particularly when 
located near the horizon of the viewing/re- 
ceiving element, have little radiative interac- 
tion with the radiating surface. In effect, the 
tree branches contributed to the overestima- 
tion of sky-view factors for these locations. A 
more objective procedure (albeit involving 
considerably more time and effort) such as that 
utilized by Steyn might well prevent this prob- 
lem (9). Removing these locations from the 
analysis and recalculating the regression line 
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reduces the variance and provides, we believe, 
a better and more realistic prediction of tem- 
perature. This revised regression line is plotted 
as a solid black line on the graph. 


DiIscUSssION 


In the preceding sections, we demonstrated 
the existence of an urban heat island in Louis- 
ville and that the urban/rural temperature 
contrasts are related to surface geometry (as 
manifested by an analysis of sky-view factors). 
We now set our results within the context of 
previous investigations of urban heat islands. 
Oke provides information regarding urban/ 
rural temperature differences for many cities 
of various sizes (7, 10). In those studies, he 
argued that the surface geometry of an urban 
area is of primary importance in the devel- 
opment of a heat island. Attempts to predict 
urban/rural temperature differences using 
surrogate measures for sky-view factors are also 
presented. Given that our initial work used an 
ordinal scale to estimate sky-view factors, we 
are unable to compare our results directly. 
However, we are able to use the surrogate mea- 


A fisheye-lens photograph illustrating an unobstructed rural environment. 


sures proposed by Oke (namely, urban popu- 
lation and the height-to-width ratio of build- 
ings/streets in the urban core) to compare the 
Louisville heat island with those in other cities. 
The empirical relationship developed by Oke 
for North American cities, utilizing population 

as a predictor, is 

Turimax) = 2.96 log P — 6.41, 

(Equation 1) 


where Ty.:¢max) is the maximum urban/rural 
temperature difference and P is population (10). 
Substituting the Louisville city population 
(~300,000) into Equation 1 yields a maximum 
urban/rural temperature difference of 9.8°C, 
which is greater than the difference of 7.5°C 
observed during our traverses. Alternatively, 
we can use the height-to-width ratio defined 
by Oke as a surrogate for the view factor and 
estimate urban/rural temperature differences 
from the expression 


Tutmexy = 7.45 + 3.97 In(H/W), 


(Equation 2) 


u-r(max 


where H/W is the ratio of building heights to 
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street width in the central urban area. In Louis- 
ville, vertical development in the downtown 
area is rather limited, although this is begin- 
ning to change. Consequently, for much of the 
central city the H/W ratio is near unity, al- 
though selected small areas have larger ratios. 
If a value of 1.0 is substituted into Equation 
2, the second term on the right hand side be- 
comes zero and the predicted temperature dif- 
ference is then 7.45°C, near the observed dif- 
ference in our study. We believe that, in the 
case of Louisville, the use of population as a 
predictor will result in an overestimate of the 
urban/rural temperature difference due to the 
limited amount of the central city that exhibits 
H/W ratios greater than 1. We suspect that 
other cities comparable in size to Louisville, 
but with a greater density of tall buildings in 
the downtown area (such as Cincinnati, Ohio) 
would exhibit somewhat larger urban/rural 
temperature differences. 

Of course we have assumed in the above 
argument that our measured temperature dif- 
ference is, or is close to, a maximum. Given 
the conditions under which the measurements 
were made, we believe temperature differ- 


ences would not greatly exceed 7.5°C; addi- 
tional measurements will test this assumption. 


CONCLUSIONS 


This study has documented the existence of 
a strong urban heat island in Louisville, Ken- 
tucky under “ideal” meteorological conditions 
(i.e., fall season, light winds and clear skies). 
Furthermore, we have demonstrated that the 
strength of the urban heat island exhibits a 
direct relationship to the sky-view factor with- 
in the urban area. Compared to other cities of 
comparable population size, the Louisville heat 
island is probably somewhat less intense. This 
we attribute to the relatively small number of 
deep urban canyons and narrow streets found 
in the central city. 

A more quantitative approach to the prob- 
lem of estimating the sky-view factor may im- 
prove predictability although, as a first ap- 
proximation, the subjective method of ranking 
photographs by the perceived degree of ob- 
struction has provided a useful means of esti- 
mating surface geometry. Future work is 
planned to ascertain whether these relation- 
ships hold true for different seasons and under 
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varying meteorological conditions. Additional 
instrumentation will also allow multiple tra- 
verses to be made simultaneously so that we 
may gain a better understanding of the spatial 
dimensions of the urban heat island. With 
combinations of temperature and humidity that 
often produce health warnings during the sum- 
mers and an air pollution problem that is ex- 
acerbated under such conditions, a better un- 
derstanding of the development and extent of 
the heat island, and its possible prediction, is 
warranted. 
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ACADEMY AFFAIRS 


THE SEVENTY-FOURTH ANNUAL BustNess MEETING 
OF THE KENTUCKY ACADEMY OF SCIENCE 


Eastern Kentucky University 
Richmond, Kentucky 


4-5 November 1988 


MINUTES OF THE ANNUAL MEETING 


The meeting was called to order at 9:36 A.M by the 
President, William H. Hettinger, Jr. and on a motion by 
Ted George (seconded by Pat Stewart) the minutes of the 
last Annual Meeting of 6-7 November at Western Ken- 
tucky University were approved as published in the Trans- 
actions. 

The Secretary, Varley Wiedeman, reported that since 
assuming the office of Secretary in April due to the res- 
ignation of Virginia Eaton he has completed and mailed 
most of the membership certificates, has edited and mailed 
two Newsletters, has mailed the ballots, and Volume 49 
(3/4) of the Transactions is at the post office now. 

The Treasurer, Paul Freytag, reported that the end-of- 
year balance would be about $40,000 after bills of from 
$10,000-12,000 had been paid. Billing for dues for 1989 
will be sent in January or February for those individuals 
who have not paid by then. On a motion by Joe Winstead 
(seconded by Richard Hannan) the following Report of 
the Treasurer was accepted. 


TREASURER S REPORT 


Kentucky Academy of Science 
5 November 1988 


Starting balance (1 January 


1988) 225 $34,846.49 
Receipts 

Membership Dues 

Full (485) pecans $ 7,275.00 

Family (22). 440.00 

Student (37). 259.00 
Institutional Memberships... 4,150.00 
Corporate Memberships*...... 685.00 
Library Subscriptions... 765.00 
Page Charges 3,240.00 
Annual Meeting... 4,358.12 
Interest Income (bank 

account and CD)................... 1,643.41 
Miscellaneous (from old bank 

ACCOUME) cease sees 95.96 


* Received check for $2,000.00 from Ashland Oil after 


1 November 1988. 


Total Receipts (as of 


1 November 1988) ...-----eces----concsssceeeesseeceeeeeseenee $55,757.98 
Disbursements 
KJAS..... $ 1,000.00 
NAGS...... 50.00 
Printing ..2.c-.ae 4,923.18 
Transactions*® 0... 4,923.18 
Newsletter... 419.00 
Stationary ete. 1... 1,618.39 
U.S. Postal Service... 942.89 
Office Supplies... 388.06 
Miscellaneous..........-- 526.35 
Treasurers Bond... 143.00 
Catering for Lunch......... 279.35 
State InCorp. Fee KASF.. 4.00 
State InCorp. Fee KAS...... 8.00 
Trophies ance enero : 22.00 
CPA Consultation Fee... 70.00 
Total Disbursements (as of 
1 November 1988)......----- $9,867.87 
Balance as of | November 
1988........... $47,890.11 


Kentucky Academy of Science Foundation 
Endowment Fund—1988 


Endowment 


Started 26 February 1988... $ 1,402.85 
Added in 1988 
Gifts to Endowment 275.00 
From a Life Membership. 250.00 
Total in Endowment (as of 
1 November 1988) $ 1,927.85 
Life Memberships (51) 
From 1987 (49) $12,250.00 
New memberships in 1988 (2) 500.00 
Total in Life Memberships (as of 
1 November 1988) $12,750.00 
1988 Interest on Endowment Fund (as of 
1 November 1988) .-.-.-e:---------seeett 531.18 


** Transactions costs will be: (1/2) $5,663.18; (3/4) 
$6,984.10; total for Volume 49 will be $12,647.28. 
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Total in Endowment Fund (as of 


1 November 1988) $15,209.03 
Projected to 31 December 1988 
Total interest for year 000... ... $ 781.18 
Transfer to KAS for payment % life 
membership dues (1989) 765.00 
Balance 16.18 
Total projected in Endowment Fund 
(31 December 1988) eee _ $14,694.03 
Botany Fund—1988 
Starting Balance (1 January 1988)... $14,061.10 
(Principle—$12,991.04; 
Interest—$1,070.06) 
1988 Income from Interest (as of 
1 November 1988) 0. 734.97 
Money available for Grants 0.000000... $ 1,805.03 
1988 Grants awarded (as of 
1 November 1988) ..............ssssssssseeee- 400.00 


Balance in Botany Fund (as of 
1 November 1988) .. 


Projected balance of Botany Fund 
(31 December 1988) 00.0 
(Principle—$13,091.14; 
Interest—$ 1,570.06) 


$14,396.07 


$14,661.10 


Marcia Athey Fund—1988 

Starting Balance (1 January 1988)... 
(Principle—$52,907.78; 
Interest—$4,250.47) 


1988 Income from Interest (as of 


1 November 1988) cesses 3,559.40 

Money available for Grants 000000... 7,809.87 
1988 Grants awarded (as of 

1 November 1988) 00.00.0000... 6,000.00 

(6,000.00) 


Balance in Marcia Athey Fund (as of 
1 November 1988) ...........ccccccccssssssssssseeeeesseeeseeeee 
Projected balance of Marcia Athey Fund 
(31 December 1988) o......ccccccscsscecccccceceeceeeeeeeeeeees 
(Principle—$53,37 1.72; 
Interest—$2,425.93) 


$54,717.65 


$55,797.65 


REPORT OF THE EXECUTIVE SECRETARY 


The Executive Secretary, J. G. Rodriguez, reported that 
two new sections had been added to the Academy—Health 
Sciences and Library and Information Sciences. Another 
new section, Agricultural Sciences, is being planned for 
the near future. A mail cancellation “slug” relating to the 
75th Anniversary of the Academy is available for Pitney- 
Bowles canceling machines and is available from the Acad- 
emy upon request. Someone at each institution should try 
to get this entered on the appropriate cancellation ma- 
chines. 


NAAS/AAAS. Bill Hettinger gave the following report. 


As the official Kentucky Academy of Science represen- 
tative to the National Association of Academies of Science/ 
American Association for the Advancement of Science, I 
attended the NAAS meeting in Boston in February. It was 
indeed an interesting meeting and I have made a report 
to the board indicating some of my findings there and also 
making a suggestion that, as one of our goals for the coming 
years, we should hope to be able to support the attendance 
of at least one of our Junior Academy students to this 
meeting. 

I learned that actually the NAAS is more deeply in- 
volved in the Junior Academy program than its own pro- 
gram, and I suggested at that meeting that it might be 
desirable if there were some activities planned for the 
senior society as well. I pointed out that there is much 
need to share our problems and opportunities and that 
working together might enhance the performance of each 
of the academies. These comments were taken into con- 
sideration and it may be that there will be more action 
taken in the coming year. 

Also, I hope to attend the meeting this coming year, 
which will be in San Francisco, 14-19 January, and quite 
a program is again planned for the Junior Academy and 
for the NAAS. 

The NAAS has reported to me that there will be a session 
planned for college students who have won their com- 
petition at the state Academy of Science meetings. Pres- 
ently, we have no candidates for the college award this 
year, but as soon as appropriate, I will see if we can take 
steps to activate our Collegiate Academy and get us deeply 
involved in such activity. 

I believe the NAAS has potential as an organization but 
at the present time there does not seem to be any real 
major resources to support intensive activity. This coming 
year, if I am able to attend, I will get a better picture of 
its activities and its efforts both at the academy level, the 
collegiate level and the Junior Academy level and report 
this back to our management. 

I should inform you that the NAAS publication of the 
annual address of the academies is most helpful, and being 
able to contact the presidents, secretaries or executive di- 
rectors with addresses and telephone numbers and infor- 
mation on the society has been most helpful to me, and I 
believe, to our organization and our officers. 

It is my impression that the NAAS is a worthwhile or- 
ganization that needs to be supported, but like other or- 
ganizations, it is certainly short of funds, and it is quite 
apparent here at Kentucky, that we are unable to provide 
the funds for actually being able to send a representative 
to the meeting, specifically with that purpose in mind. 
Presently, it is required that my transportation costs and 
enrollment costs are borne by my Company, but this is 
not a long-term solution to the problem. 

Summarizing, I was impressed with the activities of the 
Junior Academy of the Association of the Academies of 
Science for doing a good job. I hope to learn more about 
the Collegiate Academy and finally, I hope to be a part 
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and maybe an activating participant in the NAAS activ- 
ities, specifically. 

Thank you for the honor of appointing me to this po- 
sition and I trust that I will be able to continue to attend 
these meetings and give KAS a gradually increasing un- 
derstanding of these activities and how we might partic- 
ipate, and in turn, benefit from such meetings 


ComMITTEE REPORTS 


MEMBERSHIP COMMITTEE. Douglas L. Dahlman, 
Chairman of the KAS Membership Committee provided 
the following report. 


As of 28 October 1988 the KAS membership is 752. This 
is composed of 559 full members, 49 student members, 24 
family memberships (48 individuals), 51 life members, 24 
emeritus members and 21 of unknown classification. A 
total of 21 colleges and universities and five corporations 
currently have affiliation with KAS. There has been no 
change in this number since the spring meeting. State- 
ments were sent to the college, university and industrial 
affiliates in the fall and at this date eight universities and 
colleges and one industrial affiliate have responded with 
their 1989 dues. 

Various recruitment mailings have been sent out during 
the course of the year. Dr. Grant Taylor has contacted the 
faculty and graduate students at the University of Louis- 
ville. Dr. Douglas Dahlman has sent a similar mailing to 
all faculty at the University of Kentucky. Mr. Estel Hobbs 
has sent letters to selected industry groups. Mr. Richard 
Hannan has made additional contacts within the ranks of 
state government. Dr. Bill Hettinger has sent letters to all 
EPSCoR participants encouraging their membership and 
he also wrote a letter that accompanies the renewal state- 
ments sent to all members. Various efforts have been made 
through membership representatives on the campuses of 
the various public and private colleges within the state. 

The certificates of membership were prepared with 
member names personalized in a calligraphic style by Dr. 
Varley Wiedeman. They were mailed out to all members 
along with a letter from Dr. Hettinger and a membership 
form which they were encouraged to pass on to a non- 
member colleague. 

Up-dated membership applications and information 
about the Academy have been printed and distributed. 

New Sections on Library and Information Science (O) 
and Health Sciences (P) have been approved by the Ex- 
ecutive Board and the Governing Board. The newly formed 
Computer Science Section (L) and Library and Informa- 
tion Science Sections as well as the activated Engineering 
Section (N) have impressive programs at this meeting. The 
establishment of an Agricultural Science Section is still in 
the discussion stages. 


PUBLICATIONS COMMITTEE. Branley A. Branson pre- 
sented the following report. 


The past year’s work has been considerably smoother 
than that of the previous two or three, for which I am 
eternally grateful. I would like to see, however, more ar- 


ticles in the physical sciences in order to more fully express 
the mix of the Academy's membership. Prod some of your 
associates into submitting. 

Volume 49(1/2) consisted of eight feature articles and 
three notes. The feature article subject matter was dis- 
tributed as follows: Botany—2, Zoology—3, Entomolo- 
gy—l1l, Microbiology—1l, and Mathematics—1. In addi- 
tion, this volume included Academy Affairs, the program 
for the 1987 meeting, abstracts of papers presented, the 
newly revised constitution, a presentation of the annual 
distinguished scientist and teachers, and news and com- 
ments. The total pages were 67, and the production cost 
for the issues was $4,923.18, plus an additional $700.40 to 
reprint 200 copies of the journal because of an error in 
count during the transition in governance. 

Volume 49(3/4) consisted of 11 feature articles and two 
notes. The subject matter of the features was distributed 
as follows: Zoology—3, Botany—3, Entomology—4, and 
Chemistry—1. Also included in this issue: News and Com- 
ments, Presidential Address, Academy Affairs, and the 
Index. The total page-count for this issue was 95, and the 
production cost for the issue was $6,984.10, including 200 
additional copies ordered by the president for publicity 
distribution. 

Thus, the total cost for publishing the journal in 1988 
was $12,607.68, which is approximately $600-$700 higher 
than it would have been in the absence of the necessity to 
reprint the 200 copies and the one-time run for the pres- 
ident’s use. Consequently, we are running essentially on 
budget. 

Note of interest: The Transactions are now being print- 
ed on acid-free paper, which shall add greatly to shelf life. 


LEGISLATION COMMITTEE. 


Dr. Gary Boggess noted that the Science and Technology 
Council was quite active and that a further blend of ac- 
ademic, industrial and governmental units should be en- 
couraged. 


PROGRAM COMMITTEE. 


Richard Hannan reported that Dr. Glenn Conner, the 
State Climatologist, presented the Plenary Session address 
on Kentucky’s Drought of 1988: Reality and Perception. 
The banquet speaker was Dr. Robert Bell, Chairman of 
Kentucky Advocates for Higher Education, Inc. with an 
address on Kentucky Higher Education: A Balance Sheet. 


RESEARCH FUNDS COMMITTEE. 

Bill Bryant reported that the Committee had awarded 
Bruce Hoagland of Eastern Kentucky University $400 from 
the Botany Fund and William B. Reynolds of Eastern 
Kentucky University $1,000 and Dr. Michael Perlin of the 
University of Louisville $5,000 from the Marcia Athey 
Fund. 


SCIENCE EDUCATION COMMITTEE. Ted George pre- 
sented the following written report. 


In January of 1987, Dr. Ron Gardella of Northern Ken- 
tucky University was appointed Chair of the Science Ed- 
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ucation Committee. Unfortunately, Dr. Gardella was forced 
to resign from this committee in the summer of 1988, due 
to ill health. President Hettinger appointed Ted M. George 
of Eastern Kentucky University to replace him. 

Ten student winners from the five science fairs in Ken- 
tucky, and from KJAS Colloquium and their sponsoring 
teachers, were awarded plaques honoring their achieve- 
ments. Most were present at the banquet as guests of the 
Academy, and all 20 (students and teachers) were awarded 
a free one-year membership in the Academy. 

It has been suggested that we should expand these awards 
to competition at the junior high level, which we are not 
doing at the present time. This would approximately dou- 
ble the number of awards that we would be presenting. 

In 1986, the Academy passed a resolution, along with 
other Kentucky science societies, requesting that a Science 
Advisory Committee be appointed by the Superintendent 
of Public Instruction. This council would be composed of 
members from a wide variety of people in the science 
societies, education and industry, and would make ree- 
ommendations on the improvement of science education 
directly to the Superintendent. The many concerns about 
science education could then be funneled through this 
committee. 

It does not seem appropriate at this time to broach this 
subject, since it appears that other advisory councils have 
recently been disbanded. However, we still think it is an 
excellent idea and will pursue it when the time is right. 

Also, in 1986, the Academy, in cooperation with other 
science and mathematics societies, passed a resolution of 
concern about the use (or abuse) of Advanced Placement 
in the secondary schools. In this program, a high school 
student takes a course in high school, and if he passes it 
successfully and can pass a national exam, the student also 
receives college credit. Much evidence exists that many 
schools undertake such programs as a prestige item, but 
do not have the resources that such a program requires. 
We shall continue efforts to publicize this issue with teach- 
ers, principles and superintendents. 


AWARDS COMMITTEE. 


Debra Pearce reported that William Boyd received the 
Scientist of the Year Award, Ron Rosen the College Teach- 
er of the Year Award and Susan Mueller the Secondary 
Education Teacher of the Year Award. 


NOMINATIONS, ELECTIONS, AND RESOLUTIONS 
COMMITTEE. John Philley announced the results of the 
elections and ballot on constitutional amendments. 


H. Grant Taylor of the University of Louisville was 
elected Vice-President. 

Lee Todd was elected as the At-Large representative to 
the Board of Governors. 

Estill Hobbs was elected as the Board of Governors 
representative from the Physical Sciences Division. 

Bruce Mattingly was elected as the Board of Governors 
representative from the Social Science Division. 

The three amendments to the Constitution were ap- 
proved by an overwhelming majority. 


Ona motion by J. G. Rodriguez (seconded by Ted George) 
the following resolution was approved 


Resolution I: Eastern Kentucky University Commendation 
Whereas, the Kentucky Academy of Science, a professional 
society of about 750 scientists from across the Common- 
wealth of Kentucky, is vitally interested in the encour- 
agement of research, the promotion of the diffusion of 
scientific knowledge, and the unification of scientific in- 
terests, and 

Whereas, Eastern Kentucky University, an exceptionally 
fine institution of higher learning in the Commonwealth 
with an array of outstanding programs of study and re- 
search as well as a dedicated and well-qualified faculty 
and staff, has graciously consented to host the 74th annual 
meeting of the Academy, 


Therefore be it Resolved: that the Kentucky Academy of 
Science expresses its appreciation and gratitude to Presi- 
dent Hanly Funderburk, Dean Donald Batch, Dr. Robert 
O. Creek, and Dr. Don Ryoti as well as to the many others 
who have worked so diligently to make this meeting a 
resounding success 


On a motion by Pat Stewart (seconded by Ted George) 
the following resolution was approved 


Resolution II: Diamond Anniversary Meeting 


Whereas, the Kentucky Academy of Science, a professional 
society of about 750 scientists from across the Common- 
wealth of Kentucky, is vitally interested in the encour- 
agement of research, the promotion of the diffusion of 
scientific knowledge, and the unification of scientific in- 
terests, and 

Whereas, the Kentucky Academy of Science is nearing its 
75th year of existence after its establishment in 1914 at 
the University of Kentucky, 


Therefore be it Resolved: that the entire membership of 
the Kentucky Academy of Science be urged and encour- 
aged to promote and attend the three-day Diamond An- 
niversary Meeting planned for the University of Kentucky 
in 1989. 


On a motion by Ted George (seconded by Varley 
Wiedeman) the following resolution was approved 


Resolution III: Science & Mathematics Alliances 
Whereas, the Kentucky Academy of Science is vitally in- 
terested in science and mathematics education at all levels 
throughout the Commonwealth of Kentucky, 


Whereas, the Academy recognizes the value and need for 
the planning and promotion of professional development 
opportunities for science and mathematics teachers from 
all levels of education throughout the Commonwealth, and 
Whereas, the Academy also recognizes the value and need 
for academic alliances and networking systems among sci- 
ence and mathematics teachers through all levels of ed- 
ucation throughout the Commonwealth, 


Therefore be it Resolved: that the Kentucky Academy of 
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Science endorses and commends the efforts being currently 
made by the Kentucky Council on Higher Education with 
assistance from the Kentucky Department of Education 
to strengthen science and mathematics education by their 
promotion of academic alliances throughout the Com- 
monwealth of Kentucky. 


On a motion by Debra Pearce (seconded by J. G. Ro- 
driguez) the following resolution was approved 


Resolution IV: National Science & Technology Week 


Whereas, the fifth annual National Science & Technology 
week will be launched across the U.S. on April 23, 1989, 
with a variety of activities signaling the key role science 
and technology play in national economic growth and 
quality of life, and 

Whereas, these activities would also provide a great op- 
portunity for scientists, engineers and mathematicians in 
Kentucky to showcase their work, 


Therefore be it Resolved: that Colleges and Universities 
of the Commonwealth proclaim April 23-29, 1989 as Sci- 
ence & Technology Week and proceed to develop Open 
Houses in all appropriate organizational units in order to 
increase public understanding of science and technology. 


AUDIT COMMITTEE. 


Gordon Weddle gave a brief report on the activities of 
the Audit Committee noting especially that there was now 
a separate fund for the Life memberships. He also pre- 
sented the following written report: 

On 28 August the Audit Committee met with Paul Frey- 
tag in Lexington for the purpose of performing an interim 
audit of Academy accounts. The Treasurer's Report you 
have received today is, to our knowledge, an accurate 
report of the financial status of the Academy. The tran- 
sition between officers, coupled with removal of founda- 
tion funds from GNMAs has been a source of considerable 
confusion during the year; but accounting methods have 
improved such that all fund balances are now readily 
available. 

We will examine the books early in January of 1989 
and will provide a copy of our findings to the Executive 
Committee and the Governing Board. By action of the 
Board, the Audit Committee and Treasurer will contract 
a CPA for the purpose of an external audit at the end of 
this fiscal year. 

We are gratified by the Board’s action this year to trans- 
fer monies for the establishment of a Life Membership 
Fund. The proposal originally came to the Board from our 
committee. 


FINANCE COMMITTEE. 


Dr. Hettinger noted that as the Academy increases 
membership, income increases, and institutional affilia- 
tions will increase. 


PLANNING COMMITTEE. 


Debra Pearce reported that the 1989 Fall KAS meeting 
will be held at the University of Kentucky. The 1990 Fall 


KAS meeting will be held at Northern Kentucky Univer- 
sity. Bids are currently being sent to all colleges, univer- 
sities, and industrial affiliates within the central section of 
Kentucky for the 1991 Fall KAS meeting. 


PUBLIC RELATIONS COMMITTEE. 


J. G. Rodriguez included this report in the Executive 
Secretary's report 


KENTUCKY JUNIOR ACADEMY OF SCIENCE. 


Pat Stewart announced that the next meeting of the 
KJAS would be at Eastern Kentucky University on 28-29 
April 1989. There is a need for volunteers for judging of 
the student presentations. He also gave the following writ- 
ten report. 

Last year’s operations culminated with the annual sym- 
posium being held at Warren East High School. One 
hundred six titles were scheduled of which 87 were read. 
Our other activities included Science Bowl Competitions 
and refreshments at the conclusion of our organized ac- 
tivities. Science Bowl winners included Greenup County 
for the senior high division and Henderson County at the 
junior high level 

The symposium was again honored to have as special 
guests the KAS Governing Board. This gave us an oppor- 
tunity to show off our students who are actively involved 
in scientific research. We appreciate the fact that this was 
the fourth year for review by the KAS Governing Board. 
We hope this will continue to be an annual part of the 
KJAS symposium. 

Scholarships were again offered by Cumberland College 
and Western Kentucky University in conjunction with our 
“Outstanding Science Graduates” program. 

This year promises to be another exciting year for KJAS. 
The data base has been established and we now have the 
capability to send personalized letters to our clubs. Our 
annual symposium has been scheduled for 28-29 April at 
Eastern Kentucky University. 


OUT-GOING PRESIDENT’S REPORT. 


Bill Hettinger gave a slide presentation relating to the 
accomplishments during the past year. He expressed ap- 
preciation to J. G. Rodriguez for his help during this year. 
He also presented a written report (see “Presidential Ad- 
dress”). Richard Hannan, as the 1989 President, was pre- 
sented to the gavel of the office by Bill Hettinger. Richard 
gave the following brief comments: 

“T would just like to make a few comments as the in- 
coming President of the Kentucky Academy of Science. 
Last night as I nervously thought about the upcoming year 
I paged through the program for the annual meeting and 
found on the back page a listing of all the past presidents 
of the Academy. As alumni of Eastern Kentucky Univer- 
sity both my wife and I knew many of those presidents 
who were from EKU. After nearly achieving retirement 
status as a student at Eastern I knew Sanford Jones, H. H. 
Lafuse, Ted George, and Don Batch. I guess at that time 
I started to feel pretty good about myself to be in such 
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esteemed company when my wife said ‘I know Don Batch.’ 
(pause), ‘Don Batch is a friend of mine.’ (pause), “And 
honey, don’t fool yourself—you're no Don Batch.’ 

All kidding aside I must tell you as I anticipate the 
coming year I am wrestling with three feelings. | am 
HUMBLED, as I look at all of you in this meeting room 
and scan the membership roll, I feel inadequate. I know 
many of you are accomplished researchers, or dedicated 
teachers who in some cases are the authorities in your 
discipline. I cannot claim such achievements. Yet, | was 
chosen to represent you. 

OVERWHELMED is the only thought I have when I 
think of the responsibilities of the office of President of 
the Academy. Bill Hettinger has set an aggressive agenda 
and has accomplished much this past year. It has been 
truly amazing to view the mountains of correspondence 
he has initiated to promote and enhance the effectiveness 


of the Academy. In the coming year, I will work to expand 
the influence of the Academy and promote science in 
Kentucky. 

Finally, I am indeed HONORED to have been elected 
as your President. In my tenure as President I will do my 
best to represent the Academy and each of you in a positive 
and professional manner. 

Iam very excited about the coming year and know we 
can accomplish a lot if we all work together. The Kentucky 
Academy of Science is your organization, it is therefore 
imperative that you communicate your wishes concerning 
the Academy to me and the other members of the Gov- 
erning Board, so together we can chart the course for the 
future. 

Thank you.” 

The meeting was adjourned at 10:35 a.m 
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GOVERNING BOARD 
EXECUTIVE COMMITTEE 


William P. Hettinger, Jr 
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Richard Hannan 
President-Elect 
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Debra K. Pearce 
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Northern Kentucky University 


Larry Giesmann 
Past President 
Northern Kentucky University 


Varley E. Wiedeman 
Secretary 
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Paul H. Freytag 
Treasurer 
University of Kentucky 


J. G. Rodriguez 
Executive Secretary (ex officio) 
University of Kentucky 


Branley A. Branson 
Editor of the Transactions (ex officio) 
Eastern Kentucky University 


OTHER MEMBERS 


Pat Stewart 
Director of the Junior Academy 
Warren East High School 


William P. Hettinger, Jr. 
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Ashland Petroleum Company 


William F. Beasley, Jr.—1988 
William S. Bryant—1988 
Douglas L. Dahlman—1989 
Gordon K. Weddle—1989 
Larry P. Elliott—1990 
Valgene L. Dunham—1991 
W. Blaine Early, HI—1991 


PROGRAM 


Friday, 4 November 1988 


10:00-12:00 a.m. 


10:00-12:00 a.m 


12:00-4:00 p.m. 


12:00-5:00 p.m. 


1:00-3:00 P.M. 


Community College Science Facul- 
ties—Carl D. Perkins Building, Rooms 
219, 220, and 222 

KAS Officers and Governing Board 
Business Meeting—Regent’s Room, 
Powell Building 

Registration—Lobby, Carl D. Perkins 
Building 

Scientific Exhibits—Lobby, Carl D. 
Perkins Building 

Sectional Meetings—Carl D. Perkins 
Building 
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3:00-3:30 P.M. 


3:30-5:00 P.M. 


5:00-6:00 P.M. 


5:10-6:45 P.M. 


7:00-9:00 P.M. 


9:30-11:30 P.M. 


Coffee Break—Posey Auditorium Lob- 
by, Stratton Building 

Plenary Session—Posey Auditorium, 
Stratton Building 

Reception for Ted M. George, Retired 
Chair of the Department of Physics and 
Astronomy and the Dedication of the 
Ted George Room—107 Moore Build- 
ing 

Social Gathering and Reception— 
Stratton Building 

Annual Banquet and Awards Presen- 
tation—Stratton Building 

Hospitality Gathering—Mulebarn, Ar- 
lington 
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Saturday, 5 November 1988 


8:00-10:00 a.m. Registration—Lobby, Carl D. Perkins 
Building 

8:00-9:00 a.m. Sectional Meetings—Carl D. Perkins 
Building 

9:00-9:30 a.m. Coffee Break—Posey Auditorium Lob- 


by, Stratton Building 

Annual Business Meeting—Posey Au- 
ditorium, Stratton Building 

Sectional Meetings—Carl D. Perkins 
Building 

Scientific Exhibits—Lobby, Carl D 
Perkins Building 

Sectional Meetings—Carl D. Perkins 
Building 


9:30-10:30 A.M. 
10:30-12:00 a.m. 
8:00-12:00 am. 


1:00-5:00 P.M. 


PLENARY SESSION 
Friday, 4 November 1988 


3:30 p.m. Posey Auditorium, Stratton Building, 
Speaker: Dr. Glenn Conner 
State Climatologist 
Western Kentucky University 
KENTUCKY'S DROUGHT OF 1988: 
REALITY AND PERCEPTION 


ANNUAL BANQUET 
Friday, 4 November 1988 


7:00 p.m. Stratton Building 
Speaker: Robert D. Bell 
Chairman, Kentucky Advocate 
for Higher Education, Inc. 
KENTUCKY HIGHER EDUCA- 
TION: A BALANCE SHEET 


PAPER PRESENTATIONS 


ANTHROPOLOGY SECTION 


John Hale, Chairperson 
Jim Murray Walker, Secretary 


Friday, 4 November 1988 


Session I 


Room 225—Perkins Building 
Physical Anthropology and Linguistics 
Jim Murray Walker, Presiding 


1:00 p.m. — Diagnosis of an Isolated Case: A Study in 
Method. Elizabeth Finkenstaedt, Univer- 
sity of Kentucky. 

Tet'5: Death and Disease on the Upper Texas Coast: 


Paleopathology at the Caplan Site (41GV1), 
Galveston County, Texas. Joseph F. Pow- 


1:30 


2:45 
3:00-3:30 


3:30-5:00 


8:00 A.M. 


8:15 


8:45 


9:00-9:30 


10:45 


11:00 


11:15 
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ell, University of Texas and Steven P. Sav- 
age, Eastern Kentucky University. 
Non-Primate Intraspecies Communica- 
tion. Eric Cash (sponsored by Jim Murray 
Walker), Morehead State University 
Coffee Break 

Anthropological Insights through Biblical 
Windows. Louis A. McCord, Eastern 
Kentucky University, Emeritus. 
Compiling a Computerized Glyph Catalog 
and Developing a Semiotics of an Anasazi 
Cognitive Model. Robert Vallier, Univer- 
sity of Tennessee at Chattanooga. 

Verbs Galore!: Some Yoruba Surprises. 
Jim Murray Walker, Eastern Kentucky 
University. 

Judging of Session I Student Presentations 
Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Saturday, 5 November 1988 


Session II 
Room 225—Perkins Building 
Archeology/Culture History 
John Hale, Presiding 


An Anthropological Perspective on Homer's 
Iliad. John Hale, University of Louisville. 
The Eastern Aegean: Birthplace of Atlan- 
tis. Jerry Lewis (sponsored by Steven P. 
Savage), Eastern Kentucky University. 
The Philistines in the Aegean World c. 1300 
B.C. Bruce Beck, Owensboro Community 
College. 

Ceramic Artifacts from Cuilcuilco, an Early 
Olmec City in Middle America. Fernando 
Marroquin and Veronica York Tinsley, Ow- 
ensboro Community College. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Temporal and Regional Variations of the 
Mesoamerican Ball Game. Doug Baker 
(sponsored by James F. Hopgood), Northern 
Kentucky University. 

Peru’s Moche Culture and Implications of 
Recent Discoveries. Ellen Strange, Bards- 
town, Kentucky. 

The Ethnohistories vs. the Pilgrims: The Raid 
at Wessagusset. Bert Mutersbaugh, East- 
ern Kentucky University. 

The First Dig at Boonesborough: A Free- 
Lance Report. Earl Robbins, Jr., Irvine, 
Kentucky. 


11:45 
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Commercial Disinterment of Mississippian 
Burial Grounds in Union County, Ken- 
tucky. Dudley Yates, Kentucky Wesleyan 
College 

Judging of Session I] Student Presentations 


Saturday, 5 November 1988 


Session II 
Room 225—Perkins Building 
Ethnology /Social Anthropology 
John Hale, Presiding 


1:00 p.m. The Lifestyle of the Ioway Indians and Their 


1:15 


1:30 


1:00 P.M. 


Ve12 


Future as an American Subculture. Betty 
Wahlstedt (sponsored by Jim Murray Walker), 
Eastern Kentucky University 

E] Nino Fidencio: Folk Saint of Northern Mex- 
ico. James F. Hopgood, Northern Kentucky 
University. University. 
Place, Voice, and Power 
Kentuckians Working? 


Where Are Rural 
Ann E 
(sponsored by Jim Murray Walker), University 


Kingsolver 


of Massachusetts at Amherst 

The High School: A Culture within a Cul- 
ture. Robert Bryant, Georgetown College 
Mary Douglas: Food, Culture, and Commu- 
nication. Phyllis Passariello, Centre College 
To Me It’s Magic; to You It’s Religion. Cara 
E. Richards, Transylvania University 
Research, Ethics, and Accountability in Cul- 
tural Anthropology. Maryline Glover, Thom- 
as More College. 

Blacks and the Psychotic Experience. 
Taylor, Western Kentucky University. 
Dialect Stereotypes: Reactions to Kentucky Ac- 
Reed Luhman, Western Kentucky 
University 

Judging of Session III Student Presentations 
Anthropology Section Business Meeting 


Craig 


cents 


BoTaNy AND MICROBIOLOGY SECTION 


James O. Luken, Chairperson 
George P. Johnson, Secretary 


Friday, 4 November 1988 


Session A 


Conference Room C—Perkins Building 
George P. Johnson, Presiding 


The Distribution and Taxonomy of Aescu- 
lus (Buckeyes) in Kentucky. Ronald L. 
Jones, Eastern Kentucky University. 

Botanical Inventory of the Stanton Ranger 
District, Daniel Boone National For- 
est. Julian Campbell, The Nature Con- 
servancy and Don Figg, Johnnie Falconer, 


2:00 


3:00-3:30 


3:30-5:00 


8:00 A.M. 


8:12 


8:24 


8:36 


8:48 


9:00-9:30 


and Dan Daurson, United States Forest Ser- 
vice 

A Preliminary Report on Updating the Flora 
of Mammoth Cave National Park. Landon 
E. McKinney and Marc Evans, Vanderbilt 
University and Kentucky Nature Preserves 
Commission 
Noteworthy Plants from Wetlands on 
the Cumberland Plateau of Tennes- 
see. Ronald L. Jones, Eastern Kentucky 
University 

Medicinal Plants and Herbs from Jackson 
County, Kentucky. Joseph Abner, East- 
ern Kentucky University. 

The Spiraeoideae (Rosaceae) of Kentucky— 
A Preliminary Study. Kenneth A. Nicely, 
Western Kentucky University and George 
P. Johnson, Lindsey Wilson College. 

The Magnoliales and Laurales of Ken- 
tucky. George P. Johnson, Lindsey Wil- 
son College and Kenneth A. Nicely, West- 
ern Kentucky University. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Saturday, 5 November 1988 


Session B 


Conference Room C—Perkins Building 
James O. Luken, Presiding 


Studies of Sulfur Accumulation of Wood in 
Forest Species of the Central United 
States. Joe E. Winstead, Darrell Ray, and 
Jennifer Sharp, Western Kentucky Univer- 
sity. 

The Vegetation of an Old-Growth Hem- 
lock-Ravine Forest in the Mixed Mesophytic 
Association. Susan Boettcher and Paul 
Kalisz, University of Kentucky. 

The Relationship of Vegetation Pattern with 
Above-Ground Productivity and Nitrogen 
Mineralization in the Mixed Mesophytic 
Forest of Eastern Kentucky. Yan Liu and 
Robert N. Muller, University of Kentucky. 
Vascular Flora of the Abandoned Lime- 
stone Quarry at Center Hill Dam, Dekalb 
County, Tennessee. Landon McKinney, 
Vanderbilt University and Ralph L. 
Thompson, Berea College. 

The Mathews Garden at the University of 
Kentucky, Recreating a Woodland Garden 
and Fighting Foreign Intruders. Willem 
Meijer, University of Kentucky. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 


9:30-10:30 


10:30 


10:45 


11:00 


11:15 
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Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Niche Relationships of Stream Bryophytes 
in the Central Kentucky Wildlife Refuge 
(Boyle County), Susan Moyle Studlar, 
Centre College and Steven L. Stephenson, 
Fairmont State College. 

Influence of Various Nitrogen Supplements 
on Pinus strobus L. Callus Tissue. Karan 
Kaul, Kentucky State University. 

A Mathematical Model of Utricularia Pe- 
riphyton Communities. Robert W. Bos- 
serman, University of Louisville. 

Botany and Microbiology Section Business 
Meeting 


Saturday, 5 November 1988 
Symposium 
Conference Room C—Perkins Building 


Ecological Succession in Kentucky 
James O. Luken, Presiding 


1:00 p.m, Succession in Kentucky: Another Country Road 


3:00 


in Classical Ecological Research. William H. 
Martin, Eastern Kentucky University. 

Forest Succession Following Catastrophic Dis- 
turbance in Eastern Kentucky. Robert N. 
Muller, University of Kentucky. 

Woody Species in Old Field Succession of Cen- 
tral Kentucky. William S. Bryant, Thomas 
More College. 

Changes in Forest Composition and Soil Prop- 
erties Following Shifting Cultivation of Steeply 
Sloping Soils in Eastern Kentucky. Paul Ka- 
lisz, University of Kentucky. 

The Successional Relationships of Solidago 
shortii, and Habitat Management Implica- 
tions. David E. Buchele, Jerry M. Baskin, and 
Carol C. Baskin, University of Kentucky, 
Indices of Forest Succession in the Inner Blue- 
grass Region of Kentucky. Julian Campbell, 
University of Kentucky. 

Succession on Surface-Mined Lands in Eastern 
Kentucky. Gary L. Wade, USDA National 
Forest Service and Ralph L. Thompson, Berea 
College. 

Succession: From Theory to Applica- 
James O. Luken, Northern Kentucky 
University. 


tion. 


CHEMISTRY SECTION 


Dr. Lowell W. Shank, Chairperson 
Dr. William D. Schulz, Secretary 


Friday, 4 November 1988 


Coal and Petroleum Symposium 
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Conference Room B—Perkins Building 
Dr. John T. Riley, Presiding 


8:30 a.m. Nonadditive Analytical Values for Coal 


8:45 


9:00 


9:30 


9:45 


10:00 


10:15 
10:30 


10:45 


11:00 


11:15 


11:30 


1:00 P.M. 


Blends. John T. Riley and Fred. J. Hayes, 
Western Kentucky University. 

A Study of Coal Blends Using Thermogravi- 
metric Analysis. Yaodong Gan and Wei-Ping 
Pan, Western Kentucky University. 

The Impact of Coal Quality Considerations on 
the Availability of Low Sulfur Coal in the Ap- 
palachian Region of Kentucky. Thomas B. 
Griswold (Kentucky Energy Cabinet), James 
C. Hower (Kentucky Center for Applied En- 
ergy Research), and James C. Cobb (Kentucky 
Geological Survey). 

Mossbauer Spectroscopic Measurements of Fos- 
sil Fuels. Henry E. Francis, University of 
Kentucky. 

Coal in the Fluid State. William G. Lloyd, 
Western Kentucky University. 

Continuous Bench Scale Co-Processing of a 
Kentucky #9 Coal and Western Kentucky Tar 
Sands Bitumen. R. J. Medina, R. A. Keogh 
and Burtron H. Davis, Kentucky Center for 
Applied Energy Research. 

Sodium Deposition on Coal Liquifaction Hy- 
drotreating Catalysts. D. Milburn, B. Adkins, 
and B. Davis, Kentucky Center for Applied 
Energy Research. 

Coffee Break 

Extractability of Selected Coals Under Mild 
Conditions. Birbal Chawla and Burtron H. 
Davis, Kentucky Center for Applied Energy 
Research. 

The Sorption of Benzene by Illinois No. 6 
Coal. Thomas K. Green and John Marshall, 
Western Kentucky University 

Solvent Swelling of Coals and the Effect of 
Maceral Content. Joan Reeder, Michael W. 
Hagan, and Timothy Giles, Eastern Kentucky 
University. 

The Pyrolytic Behavior of Native and O-meth- 
ylated Illinois No. 6 Coals. James Ball, Thom- 
as K. Green, and John W. Reasoner, Western 
Kentucky University. 

Investigation of Linear Alcohols for Enhanced 
Coal Flotation. William H. Hamm and Wil- 
liam D. Schulz, Eastern Kentucky University. 


Friday, 4 November 1988 


Concurrent Session I-A 


Room 222—Perkins Building 
William D. Schulz, Presiding 


The Renovation of the Chemistry Labs at 


Western Kentucky University, D. R. 


104 TRANS. KENTUCKY ACADEMY OF SCIENCE 50(1-2) 


Hartman and N. W. Hunter, Western Ken- 
tucky University. 

1:15 Development of Physical Chemistry Lab- 
oratory at Western Kentucky Universi- 
ty. Angela E. Arnold and Wei-Ping Pan, 
Western Kentucky University. 

1:30 A Preliminary Study of Combining DSC 
and TGA for Values of H. Ronald Hoff- 
man and Wei-Ping Pan, Western Kentucky 
University 

1:45 A Study of Chlorinated Polyethylene Using 
Thermogravimetric Analysis. Michel J 
Whiteley and Wei-Ping Pan, Western Ken- 
tucky University. 

2:00 Properties of Homonuclear and Heteroneu- 
clear Diatomic Molecules of the First Tran- 
sition Series Metals. Audrey L. Compan- 
ion and Michael J. Bucknum, University of 
Kentucky. 

2:15 Theoretical Studies of the Migration and 
Reactions of Atomic and Diatomic Carbon 
Species on a Nickel Metal Surface. Robert 
Maruca and Audrey L. Companion, Uni- 
versity of Kentucky 

2:30 Nondestructive Spectroscopic Analysis of 
Pharmaceutical Products for Zero-Defect 
Process Control. James Drennen and 
Robert Lodder. 

3:00-3:30 Coffee Break—Posey Auditorium Lobby, 
Stratton Building. 

3:30-5:00 Plenary Session—Posey Auditorium, Strat- 
ton Building 


2:45-3:30 P.M. 


lst Annual KAS Undergraduate 
Poster Session 


Presenters will be available from 2:45 to 3:30 p.m. and 
after the Plenary Session until 5:30 p.m. 


1. “Interference-Free’’ Homogeneous Assay for Streptav- 
idin Using the Fluoride Electrode as the Detection Sys- 
tem. Michael S. Hooks and Sylvia Daunert, Leonidas 
G. Bachas, Research Director, University of Kentucky. 

2. Ion-Selective Electrodes and Biosensors Based on De- 
rivatives of Vitamin B,,. Allan Witkowski and Sylvia 
Daunert, Leonidas G. Bachas, Research Director, Uni- 
versity of Kentucky. 

3. Synthesis of Some N,N’-bis(aralkyl)-2-hydroxy-1-3-di- 
aminopropanes. Michael L. McKinney, John L. Mei- 
senheimer, Research Director, Eastern Kentucky Uni- 
versity. 

4. A Modified Diels-Alder Reaction. Linda Ray, Dr. Na- 
tasha Turaki, Research Director, Cumberland College. 

5. A Modified Wittig Reaction. Susan Barnhill, Dr. Na- 
tasha Turaki, Research Director, Cumberland College. 

6. Fluorescence Spectroscopy Using Atomic Absorption 
Instrumentation. Mike Parsley, Mr. Jim Hicks, Re- 
search Director, Cumberland College. 
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. The Leaching of Metal Ions from Stainless Steel 
Prostheses. Beth Miller Hamm, Mr. Jim Hicks, Re- 
search Director, Cumberland College. 

. Toluenediisocyanate Analysis from a Difficult Ma- 
trix. David Hensley, James Altman, and Michael 
Goss, W. D. Schulz, Research Director, Eastern Ken- 
tucky University. 


Friday, 4 November 1988 


Concurrent Session I-B 


Room 219—Perkins Building 
Dr. Lowell W. Shank, Presiding 


1:00 P.M. Aldehyde Derivatives of Sucrose and Glu- 
cose. Sujan Singh, Richard A. Porter, and 
K. Grant Taylor, University of Louisville. 

1:15 Alpha-1,3-Oligoglucans: Synthesis and Con- 
formation. Sudhir Nambiar, Richard A. 
Porter, and K. Grant Taylor, University of 
Louisville. 

1:30 Studies Toward The Synthesis of “C-Su- 
crose.” Tony L. Sander and K. Grant Tay- 
lor, University of Louisville. 

1:45 Rules for Reaction Mechanisms. Vickie 
Triantafyllakis and P. L. Corior, University 
of Kentucky 


2:00 Construction of Reaction Mecha- 
nisms. Paul L. Corio, University of Ken- 
tucky. 

ah) Smith Theorem and Reaction Mecha- 


nisms. Benny Johnson and Paul L. Corio, 
University of Kentucky. 


2:30 A Novel Approach for Three-Dimensional 


Fluorometric Characterization of Ocular 
Lens. M. C. Yappert, D. Borchmann, B. 
Rubini, S. Lal, and C. Peterson, University 
of Louisville. 


2:45-3:30 1st Annual KAS Undergraduate Poster Ses- 


sion 
See listing on previous page. 


3:00-3:30 Coffee Break—Posey Auditorium Lobby, 


Stratton Building 


3:30-5:00 Plenary Session—Posey Auditorium, Strat- 


ton Building 


Saturday, 5 November 1988 


Session IT 


Room 222—Perkins Building 
Dr. William D. Schulz, Presiding 


8:00am. Differential Thermal Analysis of Some 


Transition Metal-Aminobenzonitrile Com- 
plexes. Harry M. Smiley and Mike Nde- 
fru, Eastern Kentucky University. 


8:15 Synthesis of Some 2,6-bis(aralky])-1,2,6-per- 


hydrothiadiazines. John L. Meisenhei- 
mer, Carl J. Goddard, John L. Meisenhei- 


8:30 


8:45 


9:00-9:30 


9:30-10:30 


10:30 


10:45 


11:00 


11:15 


1:00 P.M. 


PROGRAM AND ABSTRACTS, ANNUAL MEETING 


mer, Jr., Diana G. Raya, and Michael C. 
Stapleton, Eastern Kentucky University. 
Formation of Ethyl tert-Butyl Ether Over 
Zeolite Catalyst. L. Tau, J. Stevens, and 
B. Davis, Center for Applied Energy Re- 
search. 

Analysis of Complex Mixtures via Infrared 
Spectrometry. Howard B. Powell and 
Robert Williams, Eastern Kentucky Uni- 
versity. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Chemistry Section Business Meeting 
Spectroscopic Properties of a Series of RE(I) 
Complexes. Mike Stathis, B. J. Yoblinski, 
James O'Reilly, and Thomas F. Guarr, Uni- 
versity of Kentucky. 

Formation of Electronically Conductive 
Thin Films of Metal Tetraaminophthalo- 
cyanines via Electropolymerization. Hua- 
wen Li, James E. O'Reilly, and Thomas 
F. Guarr, University of Kentucky. 

Fuel Identification by PAH Analy- 
sis? William D. Schulz, David H. Hensley, 
James Altman, and Michael Goss, Eastern 
Kentucky University. 


GEOGRAPHY SECTION 


Wilma J. Walker, Chairperson 
James L. Davis, Secretary 


Friday, 4 November 1988 


Session A 


Room 213—Perkins Building 
Wilma J. Walker, Presiding 


Population and Migration Change for Ken- 
tucky Counties—1986-2010: A Spatial 
Analysis. James L. Bingham and Wayne 
L. Hoffman, Western Kentucky University. 
Tourism Development Along Kentucky's 
1-75 Corridor South. Ron Marionneaux, 
Eastern Kentucky University. 

Ohio River Bridge/Connector Route Fea- 
sibility Study: Methodology and Study Re- 
sults. Laura P. Pace (sponsored by James 
L. Davis), Green River Area Development 
District and Western Kentucky University 
Urban and Metropolitan Development in 
Kentucky, 1950-1986. William A. With- 
ington, University of Kentucky 

An Approach to Hypothesis Testing for 
Adaptive Filters. Stuart A. Foster, West- 
ern Kentucky University. 

“The 26th.” Milos Sebor, Eastern Ken- 
tucky University. 


3:00-3:30 


3:30-5:00 


8:00 a.M. 


8:24 


8:36 


8:48 


9:00-9:30 


9:30-10:30 


10:30 


10:50 


11:02 


11:14 
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Urban Transportation in China: Problems 
and Possible Solutions. James L. Davis, 
Western Kentucky University. 
Chimborazo and Cotopaxi: Majestic Moun- 
tains of Ecuador. Mark Lowry I, Western 
Kentucky University 

A Proposal for Geography Inservice. 
Dennis L. Spetz, University of Louisville. 
Report on Kentucky's Geographic Alliance 
Activities. Dennis L. Spetz, University of 
Louisville. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Saturday, 5 November 1988 


Session B 


Room 213—Perkins Building 
Wilma J. Walker, Presiding 


The Effect of Local Habitat Improvement 
on Avian Species Diversity: A Suburban 
South-Central Kentucky Example. Conrad 
T. Moore and Elaine E. Moore, Western 
Kentucky University 

Short-Term Effects of Drought on the Inner 
Bluegrass. Wilford A. Bladen, University 
of Kentucky 

A Statistical Analysis of Kentucky's Alcohol- 
Related Accidents. Teresa Ann Smith 
(sponsored by James L. Davis), Western 
Kentucky University. 

The Long Term Precipitation Record in 
Kentucky. David A. Howarth, University 
of Louisville. 

Frontal Passages and Cardiac Dysfunction: 
A Pilot Study. L. Michael Trapasso and 
Rocklyn C. Gillam, Western Kentucky Uni- 
versity. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Report from the State Geographer. Ron 
Marionneaux, Eastern Kentucky Universi- 
ty. 


Election of Sectional Officers 

Appalachian Women Migration: A Case 
Study. Wilma J. Walker, Eastern Ken- 
tucky University. 

A Statistical Analysis of Western Kentucky 
University Reported Accidents. James 
Napper (sponsored by James L. Davis), 
Western Kentucky University. 

The Emergence and Development of Cov- 


106 


11:26 


11:38 


11:50 


1:00 P.M. 


1:40 


2:00 


2:40 
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ington’s Central Business District, 1830- 
1870. Edwin T. Weiss, Jr., Northern Ken- 
tucky University. 

Effective Resource Policy Spatial Delinea- 
tion: The Case of the Arizona Groundwater 
Management Act (1980). Eugenie Rovai 
Williams, Western Kentucky University 
Some Comments Relating to the Settlement 
of Kentucky. William G. Adams, Eastern 
Kentucky University 

An Analysis of the Water Budget of Ken- 
tucky’s Climatic Divisions. Michael Nich- 
ols and Tony Fugate (sponsored by Glen 
Conner), Western Kentucky University 


GEOLOGY SECTION 


Kenneth W. Kuehn, Chairperson 
Charles T. Helfrich, Secretary 


Friday, 4 November 1988 


Concurrent Session I-A 


Room 209—Perkins Building 
Charles T. Helfrich, Presiding 


Saline Lake Waters and Their Relationships 
to Micro-Environments on San Salvador Is- 
land, Bahamas. David R. Wunsch (spon- 
sored by Don Chestnut, Jr.), Kentucky Geo- 
logical Survey 

The Origin and Significance of the Port- 
wood Member of the New Albany Shale, 
Kentucky. Frank R. Ettensohn, Charles 
C. Mellon, and Stephen F. Barnett, Uni- 
versity of Kentucky. 

The Borden Formation (Mississippian): A 
Status Report. Roy C. Kepferle and Mar- 
ilyn A. Gauthier, Eastern Kentucky Uni- 
versity and Larry H. Howard, Kentucky 
Geological Survey. 

Biostratigraphic and Paleoenvironmental 
Inference from a New Ammonoid Occur- 
rence, Slade Formation, Eastern Ken- 
tucky. Charles E. Mason, Morehead State 
University and Frank R. Ettensohn, Uni- 
versity of Kentucky. 

Outcrop and Subsurface Stratigraphy of the 
Louisville Limestone (Silurian) West Cen- 
tral and Western Kentucky. Daniel J. 
Phelps* (sponsored by Frank R. Ettensohn), 
University of Kentucky. 

Stratigraphy and Basin Dynamics, Upper 
Tonoloway and Keyser Formations (Upper 
Silurian-Lower Devonian), Central Penn- 
sylvania: An Episodic Perspective. Peter 


* Graduate student paper. 


3:00 
3:00-3:30 


3:30-5:00 


1:00 P.M 


1:20 


1:40 


3:00 


T. Goodman* (sponsored by Frank R. Et- 
tensohn), University of Kentucky 

Election of Sectional Officers 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Friday, 4 November 1988 


Concurrent Session I-B 


Room 210—Perkins Building 
Gary L. Kuhnhenn, Presiding 


Seepage Velocities in Stress-Related Frac- 
tures in the Eastern Kentucky Coal Field. 
Nathan L. Songer*, Law Environmental, 
Louisville and Ralph O. Ewers, Eastern 
Kentucky University (sponsored by Roy C. 
Kepferle, Eastern Kentucky University). 
Investigation of Flood Pulse Movement 
Through a Maturely Karstified Aquifer at 
Mammoth Cave National Park, A New Ap- 
proach. Joseph J. Meiman, Jr.* (spon- 
sored by Roy C. Kepferle), Eastern Ken- 
tucky University. 

Seepage Velocities in a Conduit-Adjacent 
Porosity System of a Karst Formation and 
Their Influence on the Movement of Con- 
taminants. Scott A. Recker*, Delta Envi- 
ronmental Consultants, Charlotte, North 
Carolina; Ralph O. Ewers, Eastern Ken- 
tucky University; and James F. Quinlan, 
National Park Service, Mammoth Cave, 
Kentucky (sponsored by Roy C. Kepferle, 
Eastern Kentucky University). 

An Integrated Stratigraphic Column and 
Synthetic Gamma Ray Log of Exposed Strata 
in the Pilot Tunnel Through Cumberland 
Mountain (Kentucky-Tennessee). John D. 
Vanover*, Roy C. Kepferle, and Gary L. 
Kuhnhenn, Eastern Kentucky University. 
The Effects of Blasting on Shallow Water 
Wells, in the Breathitt Formation of Martin 
and Pike Counties, Kentucky. Scotty E. 
Robertson and Ralph O. Ewers (sponsored 
by Gary L. Kuhnhenn), Eastern Kentucky 
University). 

Maintaining the Quality of Kentucky Water 
Supply Springs: A Challenge for Geologists 
and Public Health Officials. Lynda M. 
Ewers and Ralph O. Ewers, Eastern Ken- 
tucky University; James F. Quinlan, Na- 
tional Park Service, Mammoth Cave, Ken- 
tucky; and David Leo, Division of Water, 
Groundwater Section, Frankfort, Kentucky. 
Election of Sectional Officers 


3:00-3:30 


3:30-5:00 


8:00 A.M 


8:20 


8:40 


9:00-9:30 


9:30-10:30 


10:30 


10:50 


11:10 


11:30 


8:00 


PROGRAM AND ABSTRACTS, ANNUAL MEETING 


Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Saturday, 5 November 1988 


Concurrent Session II-A 


Room 209—Perkins Building 
Charles T. Helfrich, Presiding 


Palynologic and Petrographic Characteris- 
tics of the Path Fork Coal as Potential In- 
dicators of Depositional Environ- 
ment. Anthony R. Hatton* and Charles 
T. Helfrich, Eastern Kentucky University 
and James C. Hower and J. D. Pollock, Cen- 
ter for Applied Energy Research, Lexing- 
ton, Kentucky. 

Primary Versus Secondary Features in the 
Boyle Dolomite. Patricia K. Keefe* 
(sponsored by Gary L. Kuhnhenn), Eastern 
Kentucky University. 

A Restructured Field Training Program for 
Kentucky's Students of Geology: Summer, 
1988. Claude S. Dean (sponsored by 
Charles T. Helfrich), Eastern Kentucky 
University. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Nature and Significance of the Carpenter 
Creek Graben, Boyle County, Ken- 
tucky. Stephen F. Barnett*, Frank R. Et- 
tensohn, and Charles C. Mellon, University 
of Kentucky. 

Beach Deposits from the Lexington Lime- 
stone. R. Todd Hendricks*, Charles E. 
Mason, Frank R. Ettensohn, Terri L. Koontz, 
and Phil W. Stoffer, University of Kentucky. 
Clay Mineral Variations in Metabentonites 
from Tyron Formations. M. Rao Dasari 
and James E. Conkin, University of Louis- 
ville. 

Kentucky Trenton Metabentonites, Stratig- 
raphy and Mineralogy. James E. Conkin 
and M. Rao Dasari, University of Louisville. 


Saturday, 5 November 1988 


Concurrent Session II-B 


Room 210—Perkins Building 
Gary L. Kuhnhenn, Presiding 


The Nature and Origin of Anorogenic Per- 
alkaline Rocks. Melanie J. Given* (spon- 
sored by Roy C. Kepferle), Eastern Ken- 
tucky University. 


8:20 


8:40 


9:00-9:30 


9:30-10:30 


10:30 


10:50 


11:10 


8:00 A.M. 


8:12 


8:24 


9:00-9:30 


9:30-10:30 


10:30 
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A Shallow Seismic Refraction Study of the 
Versailles Cryptoexplosive Structure. 
James V. Harris*, Daniel R. Jones, and Ron- 
ald Street, University of Kentucky. 
Volcanic Ash. Graham Hunt, University 
of Louisville. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Results from Aftershock Studies of the Sep- 
tember 7, 1988, Central Kentucky Earth- 
quake. Daniel R. Jones*, James L. Harris, 
and Ronald L. Street, University of Ken- 
tucky 

Petroleum Occurrence in the Warsaw 
Limestone: The Richardsville Pool, Warren 
County, Kentucky. Kenneth W. Kuehn, 
C. Britton Dotson, and Carroll G. Haley, 
Western Kentucky University. 

Petroleum Geology of Western Ken- 
tucky. Ted Jessup, Joe Wilder, and Gra- 
ham Hunt, University of Louisville. 


Puysics SECTION 


Raymond C. McNeil, Chairperson 
Jack Wells, Secretary 


Saturday, 5 November 1988 


Session I 


Room 219—Perkins Building 
Raymond McNeil, Presiding 


Optical Balance in Nonlinear Optics: New 
States of the Electromagnetic Field. 
Howard C. Baker, Berea College. 
Nonhermitian Quantum Dynamics of Ion- 
izing/Decaying Systems. Howard C. Bak- 
er, Berea College. 

Considerations on “measurement” and the 
Collapse of the Quantum Mechanical State 
Vector. Howard C. Baker, Berea College. 
Current Research in Proton-Induced Re- 
actions at Eastern Kentucky Universi- 
ty. C. E. Laird, David Sousa, and Gerald 
Calkin, Eastern Kentucky University. 
Intensity and Encircled Energy for Circular 
Pupils Obscured by Strut Supported Central 
Obscurations. Louis M. Beyer, Murray 
State University and Lavern C. Clune, 
SPARTA, Inc., Huntsville, Alabama. 
Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 


Absorption of 8 Rays in Matter. C. L. Da- 
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10:42 


11:06 


11:18 


11:30 


11:42 


1:00 


1:24 


1:36 


1:48 


3:06 


. “Millikan Made Manageable.” 
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vis and P. J. Ouseph, University of Louis- 
ville 

Automatic Measurement of the Resistance 
of High Temperature Superconduc- 
tors. M. Ray O'Bryan, P. J. Ouseph, and 
D. Bruning, University of Louisville 
Scanning Tunneling Microscope—A Prog- 
ress Report. Paul A. Frey and P. J. Ous- 
eph, University of Louisville 

Gray-Scale Display of STM Data. Greg 
Lindauer and P. J. Ouseph, University of 
Louisville 

Meissner Effect—Demonstrations. Wade 
D. Burton and P. J. Ouseph, University of 
Louisville 

Computer Interface System for Laboratory 
Instruments: Application to Astronomical 
Photometry. Richard L. Hackney and 
Karen R. H. Hackney, Western Kentucky 
University and Frank O. Clark, University 
of Kentucky, 

An Expert System for Solving Numerical 
Problems in Physics. Hai Van Nguyen, 
Jefferson Community College. 


Session II 


Room 219—Perkins Building 
Raymond McNeil, Presiding 


Terry R. 
Flesch, Thomas More College 

The Rules of the Game: A Laboratory Exer- 
cise. Dwight W. Carpenter, Transylvania 
University 

Using a Commodore 128 Microcumputer in an 
Undergraduate Physics Laboratory. J. C. 
Wells, T. R. Flesch, and S. Farmer, Thomas 
More College. 

Desk-Top Publishing for Physicists. 
Burton. 

Take Your Own Diffraction Photos; Abstract 
Fall KAPT Meeting. Karl F. Kuhn, Eastern 
Kentucky University. 

Measuring the Heat Product by a Single Can- 
dle. Bill Wagner, Northern Kentucky Uni- 
versity. 

Break 

A Summer Institute for Secondary Teachers of 
Science and Mathematics. Ted George, East- 
ern Kentucky University. 

A Physics Demonstration Workshop for Jeffer- 
son County Teachers. Dewey Beattle, Seneca 
High School, Louisville and Bruce Jones, Ken- 
tucky Country Day School, Louisville. 

Super Conductivity in Lexington Community 


Les D. 


College. Michal Love, Lexington Commu- 
nity College. 
“Proposed Research in Atomic Phys- 


ics.” Jerry D. Cook, Eastern Kentucky Uni- 
versity. 


3:18 


3:30 


1:00 P.M. 


1:30 


bo 
a 
uw 


3:00-3:30 


3:30-5:00 


Charge Transfer Collisions of Laser-Excited 
Atoms. Keith B. MacAdam, University of 
Kentucky 

KAPT Business Meeting 


PuysioLocy, Biopuysics, BlOCHEMISTRY 
AND PHARMACOLOGY SECTION 


John J. Just, Chairperson 
Ronald B. Rosen, Secretary 


Friday, 4 November 1988 


Session I 


Room 212—Perkins Building 
John J. Just, Presiding 


Effect of Isometric Contractions on Muscle 
Strength and Fatigability in Disuse Atro- 
phied Rat Muscle. Kenneth A. Mook and 
Ronald D. Fell, University of Louisville. 
Temperature Regulation of Glucose Trans- 
port by Cysticercoid Larvae of Hymenole- 
pis diminuta (Cestoda). Ron Rosen, Union 
College; Gary L. Uglem, University of Ken- 
tucky; and Richard A. Carter, Union Col- 
lege 

Drinking of Water by Rana catesbeiana 
Tadpoles and Froglets. Lusia Hayati and 
John J. Just, University of Kentucky. 
ATPase Activity in Urinary Bladders of Rana 
catesbeiana Tadpoles and Froglets. Teresa 
L. Powell and John J. Just, University of 
Kentucky. 

Tall Fescue Endophyte: Effect on Achiev- 
ing Puberty in Mice. D. R. Varney and L. 
A. Varney, Eastern Kentucky University and 
P. M. Zavos, R. W. Hemken, and M. R. 
Siegel, University of Kentucky. 

Effect of Feeding Endophyte Infected Pe- 
rennial Ryegrass on Growth and Reproduc- 
tion in Mice. D. R. Varney, D. D. Jones, 
and L. A. Varney, Eastern Kentucky Uni- 
versity and P. M. Zavos and M. R. Siegel, 
University of Kentucky. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Friday, 4 November 1988—1:00-3:00 


WorKSHOP ON INTEGRATIVE STUDIES 
IN PHysIOLOGY AND MEDICINE 


Room 124—Perkins Building 


W. Robert Revelette and Joseph Engelberg 


University of Kentucky 
Saturday, 5 November 1988 


Session II 


8:00 a.M. 


8:15 


8:30 


8:45 


9:00-9:30 


9:30-10:30 


10:30 


10:45 


11:00 


1:00 P.M. 


2:00 


PROGRAM AND ABSTRACTS, ANNUAL MEETING 


Room 212—Perkins Building 
John J. Just, Presiding 


Microcirculation in Hypertension and Sep- 
sis. Andreas S. Lubbe, Patrick D. Harris, 
and R. Neal Garrison, University of Louis- 
ville. 

Renovascular Hypertension (RVH) Involves 
in Small Artery Resis- 
tance. John D. Imig and Gary L. Ander- 
son, University of Louisville. 

Wavelength Dependence of Gonidia For- 
mation and Reproduction in Volvox au- 
reus. Mary K. Blakefield, Fonda Robin- 
son, and Denny O. Harris, University of 
Kentucky. 

Sodium Jon Efflux from Detubulated Frog 
Skeletal Muscle Fibers. Robert Chandler, 
Prestonsburg Community College. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Purification and Characterization of DNA 
Polymerase Alpha from Soybean. Valgene 
Dunham and Donna Hill, Western Ken- 
tucky University. 

Isolation of mRNA for Soybean Glutamine 
Synthetase and Preparation of cDNA for 
Cloning. John Claypool and Valgene 
Dunham, Western Kentucky University. 
Creatinine and Specific Gravity as Correc- 
tions for Estimating Urinary Excretion of 
Cortisol in Woolly Monkeys (Lagothrix la- 
gotricha). Brent White, Stephanie Dew, 
and Preston Miles, Centre College and Jo- 
seph Steffen, University of Louisville. 


an Increase 


SCIENCE EDUCATION SECTION 


Curtis C. Wilkins, Chairperson 
Michael N. Howard, Secretary 


Friday, 4 November 1988 


Session I 


Room 220—Perkins Building 


Using a Molecular Model Kit for Each Stu- 
dent in Lecture. Curtis C. Wilkins, West- 
ern Kentucky University. 

Everyday Weather Project: Teaching 
Weather and Weather-Related Phenomena 
in the Middle School. Maurice Esham, 
Morehead State University 

Developing Local Alliances of Science 
Teachers. Lester Evans, Fayette County 
Schools/Kentucky Department of Educa- 
tion. 

The Psychological Types and Critical 
Thinking Ability of the Presidential Award- 


2:30 


3:00-3:30 


3:30-5:00 


8:00 A.M 


8:15 


8:30 


9:00-9:30 


9:30-10:30 


10:30 


11:00 


1:00 
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ees for Excellence in Science and Mathe- 
matics Teaching. Jane Sisk, Calloway 
County Schools and Tom Wagner, Murray 
State University 

SCIS and the Elementary School Teacher 
A Program Analysis. Michael N, Howard, 
Fayette County Schools and Ronald At- 
wood, University of Kentucky 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Saturday, 5 November 1988 
Session II 
Room 220—Perkins Building 


A Survey of Physics Curriculum in Ken- 
tucky High Schools. J. Scott Miller (spon- 
sored by J. Truman Stevens), University of 
Kentucky. 

Gender Representation in Central Ken- 
tucky High School Chemistry and Physics 
Classes. Richard A. Anderson (sponsored 
by J. Truman Stevens), Fayette County 
Schools. 

A.I.M.: The 3R’s Revised. Ann Mc- 
Croskey and Susan Mueller, Henderson 
County Schools. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Prediction of Success in High School Chem- 
istry. Christopher R. Webb (sponsored by 
J. Truman Stevens), Fayette County Schools. 
Evaluation of a Program for Gifted Appa- 
lachian Students. J. Truman Stevens, 
University of Kentucky. 


PsyCHOLOGY SECTION 


Dr. Robert Adams, Chairperson 


Dr. Jack Thompson, Secretary 
Friday, 4 November 1988 


Concurrent Session I-A 


Room 211—Perkins Building 
Dr. Robert Adams, Presiding 


Factors Affecting Learning and Retention 
Using Computer Assisted — Instruc- 
tion. Frank H. Osborne and Jean Gilles- 
pie, Morehead State University. 

Student Evaluation of a Computer Assisted 
Self Paced Course in Psychology, Robert 
C. Martin and Frank H. Osborne, More- 
head State University. 

Individual Differences Affecting Perfor- 
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don, Martin George, and Gordon Wells, 
Comprehend Inc. 


mance in a Self-Paced Course. David M. 
Carscaddon, Kentucky Cabinet for Human 


Resources and Frank H. Osborne, More- 2:30 Learned Helplessness and Self-Con- 

head State University. trol. Amy L. Tucker (sponsored by Terry 
1:45 Microcomputer Scoring of Personality In- Barrett), Murray State University. 

ventories. James Short (sponsored by Paul 9:45 Personality Similarity and Roommate Re- 

Hager), Berea College. lationships. Carol Lunney, Don Brown, 
2:00 A Comparison of Middle-School vs. College Tracey Burnham, and Ceci Smith, Centre 

Students on the Muller-Lyer Illusion. Ron- College 

ald L. Skidmore and Frank H. Osborne, 3:00 A Comparison of Self-Control, Exercise 


Habits, and Physical Fitness. Krister Har- 
nack (sponsored by Rosanne Lorden), East- 
ern Kentucky University. 


Morehead State University. 
2:15 The Effect of Logongen Threshold Manip- 


ulation on Stroop Interference. Leigh Ann 
Hall (sponsored by Terry Barrett), Murray 3:15-3:30 Coffee Break—Posey Auditorium Lobby, 


State University Stratton Building 
2:30 Tip-of-the-Tongue Phenomenon in Imagi- 3:30-5:00 Plenary Session—Posey Auditorium, Strat- 
nal and Verbal Coding. Darla Patterson ton Building 
(sponsored by Terry Barrett), Murray State 
University. 
2:45 Differences in Cheating Behavior Between Saturday, 5 November 1988 


Upper Grades of Elementary School. Mark : ar 
Vance (sponsored by Steve Falkenberg), Conciente spe 
Room 211—Perkins Building 


Dr. Robert Adams, Presiding 


Eastern Kentucky University. 

3:00 Effects of Sex Role Stereotypes on Personal 
Adjustments and Perception of Self and 8:00 A.M 
Others. Toni Willoughby (sponsored by 
Steve Falkenberg), Eastern Kentucky Uni- 
versity 

3:15-3:30 Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

3:30-5:00 Plenary Session—Posey Auditorium, Strat- 
ton Building 


Some Behavioral Consequences of Verbal 

Hallucinations in Normal College Stu- 

dents. Terry Barrett, Murray State Uni- 

versity 

8:15 Auditory Hallucinations and Mental Im- 
agery in Normals. Stacy L. Ranson (spon- 
sored by Terry Barrett), Murray State Uni- 
versity. 

8:30 Mental Practice in Hallucinating and 
NonHallucinating Normals. Katherine 
Mueller (sponsored by Terry Barrett), Mur- 
ray State University. 

8:45 Mental Practice: Cognitive Motor Hypoth- 

esis and Individual Differences. Michael 

D. Dailey (sponsored by Terry Barrett), 


Friday, 4 November 1988 


Concurrent Paper Session I-B 


Room 211—Perkins Building 
Dr. Jack Thompson, Presiding 


bo 
ou 


The Effects of Semantic Bias in the Free 
Recall of Emotional Experiences. Jack 
Thompson, Tammy Day, Mykol C. Ham- 
ilton, and Marcie McDowell, Centre Col- 
lege. 

Anxiety-Moderating Effects of Hu- 
mor. Cindy Sawicki (sponsored by Terry 
Barrett), Murray State University. 

Effects of Laughing vs. a Non-Laughing 
Model on Humor Responses. Betsy Huge 
(sponsored by Steve Falkenberg), Eastern 
Kentucky University. 

Health Risk Perceptions, Alcohol Use Char- 
acteristics, and Conviction for Drunk Driv- 
ing. Billie Jo Hatton, Morehead State 
University and Steven Cody, Marshall Uni- 
versity School of Medicine. 

Consumer Satisfaction in Community Men- 
tal Health and Psychological Symptoms: A 
Correlational Study. David M. Carscad- 


Murray State University. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

The Effects of Encoding Difficulty on Long- 
Term Retention. Debra C. Pickering 
(sponsored by Terry Barrett), Murray State 
University. 

Can a Woman Claim Self-Defense When 
“He” is Threatened? Masculine Pronouns 
in Jury Instructions. Mykol C. Hamilton 
(sponsored by Jack Thompson), Centre Col- 
lege and Barbara Hunter, Pennsylvania State 
University. 

Situational Determinants of the Flexibility 
of Androgyny. Lueann Coleman (spon- 
sored by Terry Barrett), Murray State Uni- 
versity. 

Some Aspects of Social Distance and 


11:30 


8:00 A.M. 


8:15 


8:30 


9:00-9:30 


9:30-10:30 


10:30 


10:45 


11:00 


11:15 


11:30 
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Aggression Regarding Homophobia. Chris 
Wells (sponsored by Terry Barrett), Murray 
State University. 

The Dollar Bill Changer as an Elicitor of 
Aggression. Melanie Potter (sponsored by 
Rosanne Lordan), Eastern Kentucky Uni- 
versity. 


Saturday, 5 November 1988 


Concurrent Paper Session II-B 


Room 221—Perkins Building 
Dr. Jack Thompson, Presiding 


The Effects of Personality Variables and In- 
formation Loads on Cardiac Arousal to Vid- 
eoGames. Tammy Day and Jack Thomp- 
son, Centre College. 

Alienation and Internal-External Orienta- 
tion Pertaining to Dungeons and Dragons 
Game. Lisa DeRenard (sponsored by Ter- 
ry Barrett), Murray State University. 
Parental Characteristics and Perceptions of 
the Type A Individual. Devonda L. Ed- 
wards (sponsored by Terry Barrett), Murray 
State University. 

The Effects of Habitual Breathing Styles on 
Mirthful Laughter. Suzanne Puckett, Lana 
Yates, and Jack Thompson, Centre College. 
Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

The Frequency of Urophilic-Like Behaviors 
in Samples of College Undergradu- 
ates. Jack Thompson, Amy Borchers, 
Tammy Day, Centre College and Carroll 
Izard, University of Delaware. 

E A T Scores for Dancers and Nondan- 
cers. Colleen Moran (sponsored by Ro- 
sanne Lorden), Eastern Kentucky Univer- 
sity. 

The Behavioral Teratogenic Effects of Pre- 
natal Exposure to Isoproterenol in Rats. 
Michelle Carson (sponsored by Terry Bar- 
rett), Murray State University. 

Behavioral Effects of Perinatal Lead Inges- 
tion. Rose Young and Arthur J. Nonne- 
man, University of Kentucky. 

Behavioral Sensitization to Apomorphine: 
Conditioning Factors. Steve Remillaro, 
Michael Justice, Timothy Hurst, Dean 
Swartz, and Bruce Mattingly, Morehead 
State University. 


Saturday, 5 November 1988 


Paper Session III 


Room 211—Perkins Building 
Dr. Robert Adams, Presiding 


1:00 Dopamine Mediation of Response Suppression 
Learning in Young Rats. Linda Huffer, Sand- 
ers McDougall, and Arthur J. Nonneman, Uni- 
versity of Kentucky. 

LS Effects of Opiate and Dopamine Agonists and 
Antagonists on Novelty-Seeking Behavior of 
Rats. Robert C. Pierce and Michael T. Bardo 
(sponsored by Arthur Nonneman), University 
of Kentucky. 

1:30 Chest Rubbing in Captive Wooley Monkeys 
(Lagothrix lagotricha). Brent White, James 
Prather, and Stephanie Dew, Centre College 
and Eric Schneider, Louisville Zoological Gar- 
den. 

1:45 Pigeon’s Use of Mediators to Establish Never- 
Experienced Associations. Bobbie Bryant, 
Janice N. Steirn, Pam Jackson-Smith, and 
Thomas R. Zentall (sponsored by Arthur 
Nonneman), University of Kentucky. 

2:00 Spatial Learning in the Pigeon: Evidence for 
the Use of Cognitive Memory Strate- 
gies. Cora Lou Sherburne, Janice N. Steirn, 
Pam Jackson-Smith, and Thomas R. Zentall 
(sponsored by Arthur Nonneman), University 
of Kentucky 

2:15 Performance Differences for Pigeons in Ac- 
quisition and Retention of Feature Positive and 
Feature Negative Discrimination Tasks. Cyn- 
thia Crawford and Donald McCoy (sponsored 
by Arthur Nonneman), University of Ken- 
tucky. 

2:30 Psychology Section Business Meeting 


SOCIOLOGY SECTION 
J. Allen Singleton, Chairperson and Secretary 
Friday, 4 November 1988 
Room 455—Stratton Building 


1:00 What's in a Name? Social Forces and the 
Etymology of Surnames. Jonathan F. 
Lewis (sponsored by J. Allen Singleton), 
Northern Kentucky University. 

1:15 An Analysis of Sociological Studies of the 
Appalachian Rural Community. Sarah E. 
McKee (sponsored by Tom Boyd), Berea 


College. 

1:30 Mystification of Serial Killers. John Cur- 
ra, Eastern Kentucky University 

2:00 Appalachian Demography. Steven Sav- 
age, Eastern Kentucky University. 

2215, Dialect Stereotypes: Reactions to Kentucky 


Accents. Reid Luhman, Eastern Ken- 
tucky University. 

3:00-3:30 Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

3:30-5:00 Plenary Session—Posey Auditorium, Strat- 
ton Building 
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ZOOLOGY AND ENTOMOLOGY SECTION 


Barbara A. Ramey, Chairperson 
Robert J. Barney, Secretary 


Friday, 4 November 1988 


Concurrent Session I-A 


Conference Room A—Perkins Building 


1:00 


2:00 


3:00 
3:00-3:30 


3:30-5:00 


Barbara A. Ramey, Presiding 


Song Repertoires and the Singing Behavior 
of Male Northern Cardinals. Gary Ritchi- 
son, Eastern Kentucky University. 

Natal Dispersal of Eastern Screech-Owls 
(Otus asio). James R. Belthoff, Clemson 
University and Gary Ritchison, Eastern 
Kentucky University 

Fecundity and Spawning Substrate Prefer- 
ences in Captive Kentucky Snubnose Dart- 
ers (Etheostoma rafinesquei), Multiple 
Spawners. G. K. Weddle, Campbellsville 
College. 

Survival During the Early Life Stages of 
Fishes: A Literature Review. Robert D. 
Hoyt, Western Kentucky University. 
Movement of Pomphorhynchus bulbocolli 
Acanthellae Through Appendage and Gill 
Vessels of Gammarus pseudolim- 
naeus. Larry N. Gleason, Western Ken- 
tucky University. 

Succession of Aquatic Insect Trophic Guilds 
in a Third Order Intermittent Stream. Ste- 
phen D. Porter, University of Louisville. 
Sex and Age Structure of Coyotes Collected 
in Kentucky's Lincoln County Bounty Pro- 
gram—1987. Richard Crossett II and 
Charles L. Elliott, Eastern Kentucky Uni- 
versity. 

Small Mammal Density on Clear-Cut and 
Unharvested Sites in Central Ken- 
tucky. Dale Woods and Charles L. Elliott, 
Eastern Kentucky University. 

Election of Section Officers 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Friday, 4 November 1988 


Concurrent Session I-B 


Conference Room B—Perkins Building 


1:00 


Robert J. Barney, Presiding 


Isolation and Characterization of a 33 kDa 
Protein in the Venom of the Endoparasitic 
Wasp Chelonus aff. curvimaculatus. T. 
Taylor and D. Jones, University of Ken- 
tucky. 


1:15 


1:30 


2:00 


bo 
uw 


bo 
wo 
Oo 


3:00 
3:00-3:30 


3:30-5:00 


Novel Studies on Naturally Occurring 
Hornworm Antibiosis Chemicals in Nico- 
tiana. Jeffrey H. Botkin and Davy Jones, 
University of Kentucky; Ray Severson, 
USDA/ARS, Athens, Georgia; and Michael 
Jackson, USDA/ARS, Oxford, North Caro- 
lina. 

A New Method for Restriction-Mapping 
Single-Digest DNA Using Microcomputer 
Systems. R’Ykandar Korra’Ti, Audrey 
Ferry, Bernhard Haene, and Davy Jones, 
University of Kentucky. 

Studies on the Isoforms of Juvenile Hor- 
mone Esterase. M.Manczak and G. Jones, 
University of Kentucky. 

Genomic Cloning of Polydnavirus of Che- 
lonus near curvimaculatus and Organiza- 
tion of the Virus Segments. B. G. Haene 
and D. Jones, University of Kentucky. 
Resistance of Corn Hybrids Commonly 
Grown in Kentucky to the Maize Wee- 
vil. Leslie J. Davis, David E. Legg, Robert 
J. Barney, and Gerrit Kloek, Kentucky State 
University 

Relative Abundance and Species Composi- 
tion of Fungi Associated with a Large Fac- 
torial Experiment Concerning Stored 
Corn. B. D. Price, J. D. Sedlacek, M. Sid- 
diqui, and R. J. Barney, Kentucky State Uni- 
versity. 

Demography of the Red Morph of Myzus 
nicotianae on Burley Tobacco. J. D. Sed- 
lacek, Kentucky State University and L. H. 
Towsend, University of Kentucky. 
Election of Section Officers 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Saturday, 5 November 1988 


Concurrent Session II-A 


Conference Room A—Perkins Building 


8:00 a.m. 


8:15 


8:30 


8:45 


Barbara A. Ramey, Presiding 


Effect of Fish Predation on Habitat Use and 
Activity Patterns of a Stream-Dwelling Am- 
phipod. John D. Hoyle and Joseph R. Ho- 
lomuzki, Transylvania University. 

Tag Retention of Spaghetti and Anchor Tags 
on Catfishes, Buffalo Fishes and Paddle- 
fish. Mark Howell and Tom J. Timmons, 
Murray State University. 

Parallel Versus Serial Control in Aquatic 
Food Webs. Paul V. McCormick, Univer- 
sity of Louisville. 

Prey Selection in Relation to Sexual Di- 


9:00-9:30 


9:30-10:30 


10:30 


10:45 


11:00 


11:15 


11:30 


11:45 
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morphism of Fisher (Martes pennanti) in 
New Hampshire. William M. Giuliano, 
Eastern Kentucky University and John A. 
Litvaitis and Clark L. Stevens, University 
of New Hampshire, Durham, New Hamp- 
shire. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

The Impact of Variations in Predator Pres- 
ence, Food Availability, and Prey Density 
on the Microhabitat Selection of the Stone- 
roller, Campostoma anomalum. Ritchie 
Graves and C. K. Barton, Centre College 
Mussel Fauna of the Rolling Fork Riv- 
er. Alan W. Reed, County Board of Ed- 
ucation, Columbia, Kentucky; Gordon K. 
Weddle, Campbellsville College; and Roger 
L. Farmer, U.S. Geological Survey, Louis- 
ville. 

Is Zinc a True Teratogen to the Fathead 
Minnow (Pimephales promelas)? Barbara 
A. Ramey, Eastern Kentucky University. 
Response of Shelter Use by Mottled Sculpins 
to Smallmouth Bass and Crayfish. Brenda 
Futrell and David McNeely, Morehead State 
University. 

Ecophysiological Adaptation of Young-of- 
Year Studfishes (Fundulus catenatus) to 
Headwater Environments. Lori Haines 
and Mike Barton, Centre College. 
Kentucky Heronries—30 Years Lat- 
er. Brainerd Palmer-Ball and Richard R. 
Hannan, Kentucky State Nature Preserves 
Commission. 


Saturday, 5 November 1988 


Concurrent Session II-B 


Conference Room B—Perkins Building 


8:00 


8:15 


8:30 


8:45 


Robert J. Barney, Presiding 


Use of Lambda Expression Library to Lo- 
cate the Genes Encoding Structural Proteins 
of a Baculovirus. Doreen K. S. Goh and 
Marijo E. Wilson, University of Kentucky. 
Differential Decline of Aphid Populations 
on Regrowth Tissue of Endophyte Infected 
Tall Fescue. Herbert Eichenseer and 
Douglas L. Dahlman, University of Ken- 
tucky. 

Microplitis croceipes Teratocytes Depress 
Heliothis virescens Juvenile Hormone Es- 
terase Activity. Dequing Zhang and 
Douglas L. Dahlman, University of Ken- 
tucky. 

Chalcoela iphitalis (Walker): Observations 


9:00-9:30 


9:30-10:30 


10:45 


11:00 


11:15 


11:30 


1:00 P.M. 


1:30 


3:00-3:30 


3:30-5:00 
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of the Lepidopteran Parasite of Polistes fus- 
catus Young in Kentucky. T. J. Neary and 
Douglas L. Dahlman, University of Ken- 
tucky. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Urban Entomology in Louisville, Ken- 
tucky. Charles V. Covell and Rozenna B. 
Carr, University of Louisville 

Sexual Dimorphism for Body Size in West- 
ern Cicada Killer Wasps, Sphecius gran- 
dis. Jon Hastings, Northern Kentucky 
University. 

Predator Detection in Two Species of Sal- 
amander Larvae. Julie Smoak and An- 
drew Sih, University of Kentucky, 
Interference, Cannibalism and Functional 
Responses of Dragonflies. Elizabeth K. 
Martin, Centre College and Philip H. 
Crowley, University of Kentucky. 

The Effects of Predation Risk on Behavior 
in Gerris remigis. Beth D. Pierce and An- 
drew Sih, University of Kentucky. 


COMPUTER SCIENCE SECTION 


JoHN H. CRENSHAW, CHAIRPERSON 
RICHARD RINK, SECRETARY 


Friday, 4 November 1988 


Session I 


Room 316—Stratton Building 


Digital Analysis of Planar Jordan Re- 
gions. David E. Fields (sponsored by Rich- 
ard A. Rink), Eastern Kentucky University. 
Real Numbers on Mainframes, Minis, and 
Micros. Alan Smothers, Western Ken- 
tucky University. 

T-Coloring and the Channel Assignment 
Problem. Charlie Franke, Eastern Ken- 
tucky University 

A Profiler of IBM-370 Assembly Lan- 
guage. Tom Cheatham, Western Ken- 
tucky University 

COBOLs New Look. Carol W. Wilson, 
Western Kentucky University. 

Advanced DOS. Jean P. Houser, Mays- 
ville Community College. 

Generalizations of Two Famous AI Prob- 
lems. Arthur Shindhelm, Western Ken- 
tucky University. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 
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Saturday, 5 November 1988 
Session II 
Room 316—Stratton Building 

8:00 A.M Introduction to X-Windows. Jerry LeVan 
(sponsored by Richard A. Rink), Eastern 
Kentucky University. 

8:30 Fractals and Chaos. Scott Metcalf (spon- 
sored by Richard A. Rink), Eastern Ken- 
tucky University. 

9:00-9:30 Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

9:30-10:30 Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

10:30 A Relational Database System via Object- 
Oriented Programming. John H. Cren- 
shaw, Western Kentucky University 

11:00 Hypercard: One Year in Retrospect. Ben 
Davis (sponsored by Richard A. Rink), East- 
ern Kentucky University 

MATHEMATICS SECTION 
Dr. Carroll G. Wells, Chairperson 
Dr. Russel M. Brengelman, Secretary 
Friday, 4 November 1988 
Session I 
Room 317—Stratton Building 

1:00 P.M. Computer Assisted Mathematics. John Roe 
(sponsored by Paul Bland), Eastern Ken- 
tucky University. 

1:15 Mathematical Models of Pendulum Motion: 
From O.D.E. to Chaotic Behavior. Arno 
E. Jones (sponsored by Russel M. Brengel- 
man), Morehead State University. 

1:30 Special Polynomial Solutions of Differential 
Equations. Joe Stokes, Western Kentucky 
University. 

1:45 Euler Walked and Walked Again. Carroll 
G. Wells, Western Kentucky University. 

215 A Note on a Note About an Operational 
Formula. James B. Barksdale, Western 
Kentucky University. 

2:30 A One Semester Arithmetic Corequisite for 
College Level Math Pansy W. Brunson 
(sponsored by Barry Brunson), Western 
Kentucky University. 

3:00-3:30 Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

3:30-5:00 Plenary Session—Posey Auditorium, Strat- 
ton Building 
Saturday, 5 November 1988 

Session IT 
Room 317—Stratton Building 
8:00 am. A Non-Traditional Approach to the Con- 


8:30 


8:45 


9:00-9:30 


9:30-10:30 


10:45 


11:00 


11:15 


12:00 


cept of Derivative. Rene Guarneros-Mata 
(sponsored by Angela Keith), Elizabethtown 
Community College. 

Smallest Order Compactifications. Tom 
Richmond (sponsored by Carroll G. Wells), 
Western Kentucky University. 
Applications of Topology in Other 
Areas. Corlis Finley (sponsored by Carroll 
G. Wells), Western Kentucky University. 
Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Smirnov Domains and Arc Length. John 
S. Spraker (sponsored by Joe Stokes), West- 
ern Kentucky University. 

Hopf Algebras. Bettina Zoeller (spon- 
sored by James Barksdale), Western Ken- 
tucky University. 

A Topological Model for Site Specific Re- 
combination. Claus Ernst (sponsored by 
Joe Stokes), Western Kentucky University. 
Mathematics Section Business Meeting 


ENGINEERING SECTION 


Coordinators 


D. Bhattacharyya, K. A. Ward, and A. F. Seybert 


1:00 P.M. 


1:30 


3:00-3:30 


3:30-5:00 


8:00 aM. 


8:30 


Friday, 4 November 1988 
Room 423—Stratton Building 


Industry and University Interaction through 
the University of Kentucky Center for Ro- 
botics and Manufacturing Systems. Keith 
E. Rouch, University of Kentucky. 
Hi-Tech in Kentucky—An Analysis of Two 
Start-Up Firms. Lee T. Todd, Jr., Data 
Beam, Inc. and Projectron, Inc., Lexington, 
Kentucky. 

Automation—The Competitive Edge. 
William C. Cloyd and Joseph L. Hallock, 
Consolidated Automation, Inc., Lexington, 
Kentucky. 

Technical Evaluation of Industrial Health 
Problems in Kentucky. A. B. Broderson, 
Spectrum Technology, Lexington, Ken- 
tucky. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 


Saturday, 5 November 1988 


Kentucky Partners—The State Waste Min- 
imization Program. Joyce St. Clair, Ken- 
tucky Partners and Marvin Fleischman, 
University of Louisville. 

Frequency Response Characteristics of Car- 


9:00-9:30 


9:30-10:30 


11:00 


1:00 P.M. 
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diovascular Regulation. Charles F. Knapp, 
University of Kentucky. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Annual Business Meeting—Posey Audito- 
rium, Stratton Building 

Effect of Hyperglycemia and Low pH on 
Red Blood Cell Deformability. Kimberly 
A. Ward, University of Kentucky. 
Developments in Superconductivity. 
Robert DeAngelis, K. Okazaki, and M. B. 
Saum, University of Kentucky. 

Polymers for Electronic Industries. Tony 
Hancock, Polymer Products Division, IBM 
Corporation, Lexington, Kentucky. 
Synthetic Membrane Technology. D. 
Bhattacharyya, University of Kentucky. 


LIBRARY AND INFORMATION 
SCIENCE SECTION 


Ms. Antoinette P. Powell, 
Chairperson and Secretary 


Friday, 4 November 1988 


Advances in Information Technology 
Overview of the Information Industry Today 


Room 205—Perkins Building 


Ms. Antoinette P. Powell, Presiding 


1:00 P.M. 


Information Brought to Your Door—UK’s 
AgText Service. Tom Priddy, Agricultur- 
al Meteorologist, University of Kentucky. 
The University of Kentucky has been a 
pioneer in bringing information to the rural 


2:00 


3:00-3:30 


3:30-5:00 
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communities. This program will discuss 
AgText, a service that uses the closed cap- 
tion band to provide information. 

What Happened to the Page Numbers?— 
Full Text Electronic Publishing of Journal 
Articles. Steve Arnold, Vice-President— 
UMI-Data Courier. 

For the past decade the American 
Chemical Society has been publishing their 
journals electronically as well as in paper 
This program discusses the viability of full 
text delivery of journal articles 
What Happened to the Card and Books?— 
Bibliographic Retrieval in the 1980s. 
Lillian Mesner and Antoinette Powell, Ag- 
riculture Library, University of Kentucky. 

This session discusses the changes in ac- 

cessing bibliographic information in both 
on-line local catalogs and bibliographic data 
bases, on-line and on laser disk. 
The Printing Press isn’t What it Used to 
Be—Electronic Publishing. Deborah B. 
Witham, Experiment Station Research 
Publications Editor and Charlotte Baer, Ex- 
tension Information Specialist, Publications, 
University of Kentucky. 

A discussion of the use of electronics in 
the editorial process and the preparation of 
electronic manuscripts. 

Coffee Break—Posey Auditorium Lobby, 
Stratton Building 

Plenary Session—Posey Auditorium, Strat- 
ton Building 
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COMMERCIAL EXHIBITORS AND SPONSORS SCHEDULED FOR THE 1988 KAS MEETING 


Fifteen Scientific, Commercial, and Educational Service Companies have reserved exhibitor space in the Carl D. 
Perkins Building lobby for the 74th Annual Meeting of the Kentucky Academy of Science. If you have specific equipment, 
publishing, textbook or other technical needs, an examination of the following list might provide the opportunity to 
schedule an appointment in advance for consultation. 


EXHIBITORS 


Tektronix Corporation 

Exactair Services 

CMB Computer Center 

Varian Instrument 

Antec-Inc. 

Fisher Scientific 

CC & Associates 

United States Navy 

Ashland Carbon Fibers 

Alltech Associates Inc. 

Tencon, Inc. 

Sargent-Welch Scientific Company 
McGraw-Hill—College Division 


SPONSORS 


Mosby Publishing 
Mallinckrodt, Inc. 
Wm. C. Brown Co., Publishers 


Trans. Ky. Acad. Sci., 50(1-2), 1989, 117-127 


ABSTRACTS OF SOME PAPERS PRESENTED AT THE 
1988 MEETING OF THE KENTUCKY ACADEMY OF SCIENCE 


CHEMISTRY 


Nondestructive spectroscopic analysis of pharmaceuti- 
cal products for zero-defect process control. JAMES K 
DRENNEN* and ROBERT A. LODDER, College of 
Pharmacy, University of Kentucky, Lexington, KY 40536. 

Near-infrared spectrometry was used to examine intact 
aspirin tablets to demonstrate its usefulness as a non-de- 
structive method of quality control. A specially designed 
tablet holder was used to illuminate the entire surface of 
the tablets (Appl. Spectroscopy 42[4]. 1988). Changes in 
tablet spectra were correlated to the time that tablets spent 
in a hydrator, to the mass of water absorbed, and to the 
mass of salicylic acid formed by base-catalyzed hydrolysis. 
A predictive model using near-IR spectra was constructed 
by principal-component regression. Prediction errors (cal- 
culated from changes in near-IR spectra) were low for 
time spent in hydrator (+/— 18.8 h over 168 h), mass of 
water absorbed (+/— 149 meg over a mass range from 
0.49 mg to 2.48 mg), and mass of salicylic acid formed 
(+/— 144 mcg over a mass range from 0.36 mg to 1.66 
mg). 


Investigation of linear alcohols for enhanced coal flo- 
tation. WILLIAM H. HAMM* and WILLIAM D. 
SCHULZ, Department of Chemistry, Eastern Kentucky 
University, Richmond, KY 40475. 

Fine coal benification or froth flotation should be in- 
creasingly attractive to coal producers. Modern mining 
techniques produce more “fines,” coal washing costs are 
increasing, coal quality demands are rising, and water 
quality standards are being tightened. Increased recovery 
of higher-quality coal by closed loop benification/ washing 
mitigates cost increases and environmental problems. 

Benification efficiency is increased by surface modifying 
compounds or “reagents.” Organic alcohols can act as ‘‘re- 
agents,” but little research has been done in this area. 
“Methylisobutylcarbinol” (MIBC or 4-methy]-2-pentanol) 
produces a “fines” recovery increasing with added MIBC, 
to a maximum of about 90% at 100 ml/ton coal. 2-Meth- 
ylpentanol gives similar results. Other reagents should be 
tested; other parameters such as selectivity, activity, and 
froth stability should be investigated. Economics should 
indicate a much higher research interest in this field. 


Renovation of the chemistry labs at Western Kentucky 
University. D. R. HARTMAN* and N. W. HUNTER, 
Department of Chemistry, Western Kentucky University, 
Bowling Green, KY 42101. 

The third floor of Thompson Complex—North Wing was 
remodeled during the 1987-1988 academic year at a cost 
of $1.4 million. Improvements included new hoods and 
lab cabinets, a cold room, a centralized stock room, and a 


coal analysis area. Some innovative ideas in lighting, in in- 
lab lecture capabilities, and in-lab safety were presented. 


Toluenediisocyanate analysis from a difficult matrix 
DAVID H. HENSLEY, JAMES ALTMAN,* MICHAEL 
GOSS, and W. D. SCHULZ, Department of Chemistry, 
Eastern Kentucky University, Richmond, KY 40475. 

Isocyanates have toxic properties as exemplified by the 
Bhopal, India disaster. Due to lower vapor pressures, higher 
isocyanates are not normally so toxic as the methyliso- 
cyanate of Bhopal infamy, but their toxic effects will be 
increased by vapor inhalation and direct or prolonged 
contact. Diisocyanates, such as hexamethylenediisocya- 
nate (HMDI) or toluenediisocyanate (TDI) retain the toxic 
properties of the monofunctional compounds. They are 
intermediates in the production of many high volume 
“polyurethane” products. Reactions of diisocyanates with 
“polyols” or polyethers produces durable, stable, high per- 
formance foam and elastomer products. Because of these 
desirable properties, new products, applications, and mar- 
kets are constantly developing 

One such new product is a 2-component, user-mixed, 
high-performance caulking/sealing compound. The resin 
component of this product is produced using TDI. This 
component is an epoxy terminated polyurethane. It be- 
comes extremely viscous (700-800 poise) during the re- 
action, and there is a concern that unreacted TDI may 
still exist in the product. An alcohol, to react with “free” 
TDI, is the final component charged into the reactor, but 
reactions in such media are diffusion controlled and can 
be extremely slow. 

Analysis for TDI presents many problems. Expected 
concentrations are below detection limits for FTIR or NMR; 
dilution would allow reaction of TDI, and heating over 
100°C presents a risk of pyrolyzing the polyurethane to 
produce TDI. Headspace analysis by GC at 100°C was 
unsuccessful. Analysis by “flash derivatization” succeeded. 
A large amount (50 g) of the resin was added to 500 ml 
cold methanol in an industrial blender running at high 
speed. After thorough mixing the resulting solution was 
distilled at high vacuum (10~‘ torr) to 100°C, the distillate 
reduced to 2 ml volume (Kuderna-Danish), and finally 
analyzed for the dimethylearbamate product by GC/MS. 
Results were reproducible and products were found to 
contain 60-70 ppm free TDI. The limit of detection for 
the method is estimated at less than 1 ppm. Changes in 
reaction conditions for the product will eliminate free TDI. 


Fuel identification by PAH analysis? WILLIAM D. 
SCHULZ,* DAVID H. HENSLEY, JAMES ALTMAN, 
and MICHAEL GOSS, Department of Chemistry, Eastern 
Kentucky University, Richmond, KY 40475. 

Polycyclic aromatic hydrocarbons (PAHs), always found 
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in soot, are formed from combustion of fossil fuels. Several 
PAHs are powerful carcinogens. We observed that soot 
extracts from gaseous hydrocarbons burned in a center- 
body combustor contained different PAHs in different con- 
centrations. NBS investigators have suggested that arson 
accelerants might be identified by analysis of PAHs from 
soot. In this work, aromatic and aliphatic liquids were 
burned in diffusion flames from procelain crucibles. Soot 
was collected on a 0°C pyrex glass surface 2 cm above a 
3 x 30-cm pyrex chimney, weighed, extracted, cleaned, 
and concentrated by standard methods. PAHs analysis was 
by HRGC/MS. Complexity and concentration of PAHs 
increased with branching and unsaturation of the fuel, and 
few alkylated PAHs were detected. The concentration of 
PAHs from aromatic fuels was far greater than from ali- 
phatic compounds. Phenylacetylene produced more PAHs 
and more complex PAHs than any fuel burned. PAH mo- 
lecular weight and concentration both increased in the 
order: phenylacetylene > styrene > ethylbenzene. Ethyl 
benzene, toluene, and isomeric xylenes produced equiv- 
alent amounts of PAH but of distinctly different compo- 
sitions. PAH analysis of soot extract could identify the 
source fuel from 30 pure compounds but only by pattern 
recognition. PAHs from burning unleaded motor fuel had 
a composition pattern (including benzo [a] pyrene) reflect- 
ing the toluene and xylenes used as octane boosters. 


Novel approach for three-dimensional fluorometric 
characterization of the ocular lens using optical fiber probes. 
M. C. YAPPERT, DOUGLAS BORCHMANN, CHRIS- 
TOPHER PATERSON, BERT RUBINI,* and SUNDEEP 
LAL, Department of Chemistry, University of Louisville, 
Louisville, KY 40292. 

An optical fiber probe is described and applied for the 
first time to the acquisition of fluorescence data from intact 
human lenses. Initial experiments indicate that fluores- 
cence signals obtained from different regions of intact 
lenses are subject to attenuation due to absorption of ex- 
citation and emission radiation by sample components. For 
this reason, the sensor design is based on a front surface 
geometry, which minimizes these effects. An intensified 
photodiode array is used as a detector, which reduces the 
analysis time; all spectra reported were acquired in 10 s 
or less. Different regions of the whole intact lens were 
excited at 459 nm and the fluorescence maxima are ob- 
served between 518 and 523 nm. Depth profiles show 
localized maxima at the anterior surface of the lens and 
at the anterior cortical-nuclear interface and a minimum 
corresponding to the cortical region. This novel approach 
offers a rapid method for the acquisition of spectral data 
and minimizes errors due to absorption effects. 


COMPUTER SCIENCE 


Design and implementation of a relational DBMS in an 
object-oriented environment. JOHN H. CRENSHAW,* 
Department of Computer Science, Western Kentucky 
University, Bowling Green, KY 42101. 
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Database management systems have become an integral 
part of computer science for both academicians and 
professional practitioners in recent years. Much of the 
attention has been on the relational data model; many of 
the commercial and research systems have incorporated 
this approach. Another newer area of interest among com- 
puter science academicians and researchers is the study of 
object-oriented programming systems and their value in 
designing large software systems. This paper briefly re- 
views these 2 areas and describes a project to design and 
implement an SQL-like relational database management 
system in an object-oriented environment. Included in the 
talk is an illustrative example of the database system work- 
ing in a Smalltalk environment. 


T-colorings of complete graphs. CHARLES H. FRANKE, 
Department of Mathematics, Statistics, and Computer Sci- 
ence, Eastern Kentucky University, Richmond, KY 40475. 

A T-coloring of G, for a graph G and T a subset of the 
nonnegative integers, is an assignment of positive integers 
to the vertices of G so that the difference of the numbers 
assigned to any two adjacent vertices is not in T. 

The study of T-colorings is motivated by their appli- 
cation to the channel assignment problem. 

For weakly gamma perfect graphs the study of optimal 
T-colorings reduces to the study of optimal T-colorings of 
complete subgraphs. This paper deals with optimal T-co- 
lorings of K(n) 

O(n) will denote the minimal number of colors for a 
T-coloring of K(n). A sequence R(n) is realizable if it is 
possible, for each n, to color K(n) in R(n) colors, and that 
coloring of K(n) can be extended to a coloring of K(n + 
1) in R(n + 1) colors. A realizable sequence R is optimal 
if R(n) = O(n) for all but a finite number of n. A set of 
realizable sequences {R,, Rs, ..., R,} is co-optimal if, for 
each j, Rj(n) = O(n) for infinitely many n, no inequality 
R,(n) < R,(n) holds for all n, and for all but a finite number 
of n the minimum of the R,(n) is O(n). 

For T = {0, 1, 6, 7} there is no realizable optimal 
sequence, but there are 2 realizable co-optimal sequences. 

If T is of the form {0, 1, 2,..., ri diese ar dls 5 se aie 
+ t — 1} where r > s then the greedy algorithm gives 
the optimal sequence unless s = t. If s = t then optimal 
sequences are given explicitly except in the case where r 
is a multiple of s + 1. In that case a pair of realizable co- 
optimal sequences is given. 


Generalizations of the missionaries and cannibals prob- 
lem and the water jug problem. ARTHUR D. SHIND- 
HELM,* Department of Computer Science, Western Ken- 
tucky University, Bowling Green, KY 42101. 

Various generalizations of two famous problems in ar- 
tificial intelligence are discussed. Specifically the “Mis- 
sionaries and Cannibals Problem” is generalized in differ- 
ent directions. Allowing arbitrary numbers for both the 
number of missionaries and the number of cannibals is 
solved. Weakening the restriction on a valid state by al- 
lowing one or more more cannibals than missionaries on 
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a side to be valid is also considered. In the “Water Jug 
Problem” different desired goals which are attainable are 
discussed as well as starting with different sizes of the 
original two containers. The original problem is reduced 
toa problem in elementary number theory for which the 
solution is well known. 


COBOL’s new look. CAROL W. WILSON,* Depart- 
ment of Computer Science, Western Kentucky University, 
Bowling Green, KY 42101. 

The 1985 CODASYL COBOL standards have stream- 
lined the language and facilitated the writing of structured 
code, The concepts of structured programming had not 
been popularized when the 1974 COBOL standards were 
adopted. Pre-test and post-test loops can be implemented 
with PERFORM ... WITH TEST {BEFORE/AFTER}. 
In line PERFORM's are also now available that resemble 
Pascal or Modula/2 code. The complex IF can be coded 
much more naturally using the END IF, to limit the scope 
of the command, and CONTINUE, to indicate a null path. 
A small but welcome improvement is the addition of the 
relational operators GREATER THAN OR EQUAL TO 
(>=) and LESS THAN OR EQUAL TO (<=). The bool- 
eans TRUE and FALSE have been included. A very flex- 
ible case structure can be implemented with the EVAL- 
UATE. The 1985 standards represent a major modernization 
of COBOL. 


GEOLOGY 


Tectonic significance of a Middle Devonian black shale 
and breccia in the Carpenter Fork graben, central Ken- 
tucky. STEPHEN F. BARNETT,* FRANK R. ETTEN- 
SOHN, and CHARLES MELLON, Department of Geo- 
logical Sciences, University of Kentucky, Lexington, KY 
40506. 

A structural low exposed along Carpenter Fork in south- 
ern Boyle County, KY, has preserved a previously mis- 
interpreted black-shale unit above the Middle Devonian 
Boyle Dolostone and below a thick sequence of Middle 
Devonian Duffin breccia (Portwood Mbr., New Albany 
Shale). The structural and stratigraphic relationships of 
the shale and overlying breccia indicate that both units 
were deposited as a result of Middle Devonian faulting. 

The graben is marked by displaced beds of the Boyle 
Dolostone and by deformation of the Boyle and the over- 
lying shale along the faults. This black shale is interpreted 
to be Middle Devonian in age (middle P. varcus zone) 
based on conodont biostratigraphy, we informally desig- 
nate it as the Carpenter Fork shale member of the New 
Albany Shale. This shale apparently does not crop out 
elsewhere and thus reflects an interval of time generally 
represented by the unconformity atop the Boyle Dolo- 
stone. The shale is conformable with the underlying Boyle 
Dolostone and grades upward into the Duffin breccia. The 
Duffin contains clasts of the Carpenter Fork shale, as well 
as of chert, silicified fossils and fine- to boulder-sized do- 
lostone clasts eroded from the Boyle high on the flanks of 
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the graben. The Carpenter Fork shale also exhibits evi- 
dence of penecontemporaneous, soft-sediment deforma- 
tion related to the debris-flow emplacement of weathered 
Boyle residua in the graben and due to later loading by 
the Duffin. 

The character and age of the beds preserved in the 
graben strongly suggest tectonic control of sedimentation 
and are consistent with our interpretation that the Duffin 
beds elsewhere represent debris-flow deposits, derived from 
the uplift and erosion of the adjacent Boyle and dumped 
into nearby structural lows. 

This study was supported by a Pew Fellowship from 
the Appalachian College Program of the University of 
Kentucky. 


Kentucky Trentonian metabentonites, stratigraphy, and 
mineralogy. JAMES E. CONKIN* and M. RAO DASARI, 
Department of Geology, University of Louisville, Louis- 
ville, KY 40292. 

Forty-five to 63 metabentonites are recognized in Or- 
dovician (Mohawkian) of Kentucky; 20 in Blackriveran 
Tyrone; and in Trentonian as follows: 9 to 27 in Curdsville, 
13 in Logana, and 1 each in Benson, Brannon, and Wood- 
burn; they are identified by pyroclastic mineral euhedra 
and mixed layer clays. Most important Trentonian me- 
tabentonite is Capital, 7.5-20 ft above Blackriveran (Ty- 
rone)—Trentonian (Curdsville) paracontinuous boundary; 
it is probably conspecific with Hounsfield Metabentonite 
of New York, Millbrig of Upper Mississippi Valley, and 
1-3 ft metabentonite in lower Hermitage of Tennessee; 
none of these correlates with Pencil Cave Metabentonite 


A restructured field training-program for Kentucky's 
students of geology: summer 1988. CLAUDE S. DEAN, 
Department of Geology, Eastern Kentucky University, 
Richmond, KY 40475. 

Geologic field camp is an invaluable element of the 
undergraduate degree program; it naturally integrates the 
various subdisciplines of geology in an outdoor setting. 
Home-based in Dillon, MT, Eastern Kentucky University’s 
summer field-training program has operated since 1980. 
The recent broadening of appeal to include students from 
the University of Kentucky and the regional universities 
prompted the author, as director, to redefine the instruc- 
tional objectives and to restructure the 6-wk itinerary ac- 
cordingly. To be effective the program must be tailored 
to Kentucky's students. The surface geology of our own 
region is too uniform to serve as a training environment 
for a comprehensive field program. The aim of the field 
camp, therefore, is to supplement in-state experience with 
other general experience unavailable anywhere in the east- 
ern interior of the United States. Geologic diversity is the 
hallmark of the region surrounding Dillon. Readily avail- 
able are sedimentary, igneous, and metamorphic terrains 
of widely varying character and age. It lies at a confluence 
of the three major tectonic provinces of the Rocky Moun- 
tains, each characterized by a unique structural style. The 
intricate pattern created by mutual interference offers ac- 
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cessibility to diverse field mapping exercises, and, also, 
confusing complexity, foreign to Kentucky's students. To 
capitalize on assets and mitigate liabilities, the itinerary is 
divided into two parts having equal emphasis: mapping 
exercises and regional excursions. The exercises build con- 
fidence in geologic problem-solving under actual field con- 
ditions. The excursions introduce students to the northern 
and central Rocky Mountains, where the geology is un- 
complicated, and provides them with realistic models on 
which to base interpretations of the exercises 


Origin and significance of the Portwood Member of the 
New Albany Shale, Kentucky. FRANK R. ETTEN- 
SOHN,* CHARLES C. MELLON, and STEPHEN F 
BARNETT, Department of Geological Sciences, Univer- 
sity of Kentucky, Lexington, KY 40506 

The Portwood Member of the New Albany Shale, an 
upper Middle Devonian unit at the base of the New Al- 
bany, occurs locally in central and east-central Kentucky. 
The unit is closely associated with fault systems in central 
Kentucky and exhibits 3 prominent lithofacies: (1) the 
Duffin facies, a dolomitic breccia containing clasts derived 
from the subjacent Boyle Dolostone, (2) the Harg facies, 
containing interbedded dolostones, dolomitic mudstones, 
gray shales, and black shales, and (3) the Ravenna facies, 
consisting of fissile black shales. The Portwood, separated 
from overlying Upper Devonian black shales by a para- 
conformity and a lag horizon, is preserved on downthrown 
fault blocks where the Duffin, Harg, and Ravenna facies, 
respectively, occur in progressively more distal positions 
relative to the faults. 

These and other lines of evidence suggest that the Port- 
wood represents tectonically related deposition in down- 
dropped fault basins. Post-Boyle, Middle Devonian reac- 
tivation of fault systems set the stage for this deposition 
Near the faults, erosion of uplifted Boyle Dolostone created 
debris-flow deposits, which were dumped into shallow parts 
of adjacent fault basins. Distal to the resulting breccias 
(Duffin facies), reworking of debris flows, shallow-water 
carbonate deposition, and local clastic influx gave rise to 
the slightly deeper Harg facies. In the deepest, most distal 
parts of the basins, removed from local sediment sources, 
the predominance of organic sedimentation from the water 
column resulted in the Ravenna facies. 

After the basins filled, local sedimentation ceased, and 
sediment starvation ensued until latest Devonian parts of 
the New Albany were deposited. 


Stratigraphy and basin dynamics, Upper Tonoloway and 
Keyser formations (upper Silurian-lower Devonian), cen- 
tral Pennsylvania: an episodic perspective. PETER T. 
GOODMAN, Department of Geological Sciences, Uni- 
versity of Kentucky, Lexington, KY 40506. 

The methods set forth in the hypothesis of punctuated 
aggradational cycles, or PACs, were applied in the strati- 
graphic analysis of the upper Tonoloway and Keyser for- 
mations at 7 localities in central Pennsylvania. Results of 
this study demonstrate that the interval is entirely divisible 
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into PACs that are correlatable throughout the study area. 
Both minor and major facies changes occurring at PACs 
boundaries are indications that deepening events of 2 or- 
ders of magnitude were involved in producing the PACs 
in this interval. Major deepening events initiated and ter- 
minated deposition of distinct sequences of PACs of similar 
facies; minor deepening events initiated and terminated 
deposition of the PACs within these sequences. 

The Tonoloway—Keyser formation boundary occurs at 
the same PAC boundary throughout the study area except 
at the northernmost locality, Tyrone, where the Keyser 
Formation rests unconformably on the Tonoloway For- 
mation. At least 7 PACs, which are present in sections to 
the south, are missing at the Tyrone locality. Relative 
basin-floor stability or uplift to the north of a proposed 
crustal block boundary, the Tyrone—Mt. Union lineament, 
gave rise to a local positive area near Tyrone, resulting in 
nondeposition and possibly erosion. Concurrently, differ- 
ential subsidence and deposition of Tonoloway and Keyser 
facies was continuous to the south of this proposed bound- 
ary. Following exposure, a major punctuation event flood- 
ed the Tyrone area, initiating deposition of a shelf-facies 
PAC throughout the study area 


Beach deposits in the Devil's Hollow Member of the 
Lexington Limestone (Middle and Upper Ordovician) of 
central Kentucky. R. TODD HENDRICKS,* CHARLES 
E. MASON, FRANK R. ETTENSOHN, PHIL W. STOF- 
FER, and TERRI L. KOONTZ, Department of Geological 
Sciences, University of Kentucky, Lexington, KY 40506. 

The Devil's Hollow Member of the Lexington Lime- 
stone (Middle and Upper Ordovician) of central Kentucky 
outcrops in a narrow belt some 35 miles long and 10 miles 
wide extending from Franklin to Fayette county, KY. The 
Devil's Hollow contains 3 distinct lithologic subunits: a 
basal coquinite; a shaly, laminated micrite; and an upper 
massive micrite. The coquinite consists predominately of 
gastropodal calcirudites, although brachiopods, bryozoans, 
and nautiloids are locally abundant. 

Northeast-dripping (unimodal), large-scale, low-angle 
(less than 5°) cross beds characterize the coquinite. Near 
Versailles in Woodford County, abundant nautiloid ceph- 
alopods occur in the unit and are oriented parallel to the 
strike of the cross beds. The shaly micrite overlies the 
coquinite and consists of finely laminated birdseye micrites 
and calcareous shales. Mudcracks, vertical burrows and 
abundant ostracods characterize the shally micrite. The 
massive micrite unit includes fossiliferous limestones con- 
taining low-diversity molluscan-dominated faunas, with 
pelecypods, gastropods, and ostracods being the major fau- 
na constituents. 

Owing to the presence of prominent large-scale low- 
angle cross bedding, the coquinite unit is interpreted as 
a beach-barrier deposit. The shaly micrite unit, due to 
mudcracks, birdseyes, and the abundance of ostracods, is 
interpreted to represent a shallow, lagoonal to intertidal 
facies. Low-diversity molluscan-dominated faunas and a 
fine-grained matrix indicate the massive micrite unit to 
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be lagoonal in origin. Both of these micritic units probably 
accumulated in restricted environments behind the beach- 
barriers. Inasmuch as most of the Lexington Limestone 
reflects subtidal, open-marine deposition, here beach and 
intertidal environments are unusual, and they may indi- 
cate structural influence. 


Volcanic ash: field studies of Kalapana of the Kilauea- 
Pond east rift zone, and west Maui—Haleakala cinder cones, 
Hawaii. GRAHAM HUNT, Department of Geology, Uni- 
versity of Louisville, Louisville, KY 40292. 

Field work of the May 1988 flow-ash volcanic activities 
of the Kalapana area indicates that the lava entered the 
Pacific Ocean from the east rift zone along 2 main fronts 
of lava tube systems: (1) the west flow front had 2 active 
areas about 200 m apart. At the west end of the front, 
minor littoral explosions had built up a small volcanic cone 
This type of volcanic activity had added pyroclastic ma- 
terial of all sizes to the growing shoreline of black sand 
and glassy benches, (2) the east flow front had entered the 
Pacific about 1 km east of the west flow front forming 
obsidian-rich basaltic benches. Surface activity upslope 
from these 2 main lava tube systems was low; however, 
lava had overrun the 2 remaining houses near the east 
edge of the lava field. Volcanics of the older and nearby 
island of Maui indicate that their source activities change 
systematically in their evolution with time. 


Biostratigraphic and paleoenvironmental inferences from 
a new ammonoid occurrence, Slade Formation (Mississip- 
pian), eastern Kentucky. CHARLES E. MASON,* De- 
partment of Physical Sciences, Morehead State University, 
Morehead, KY 40351; and FRANK R. ETTENSOHN, De- 
partment of Geological Sciences, University of Kentucky, 
Lexington, KY 40506. 

Ammonoids for this study were collected from the Holly 
Fork and Tygarts Creek members of the Mississippian 
Slade Formation along Interstate 64 in northeastern Rowan 
County, KY. Most of the specimens were found in the 
birdseye calcilutite of the Holly Fork, but locally they also 
occur in the overlying oolitic calcarenites of the Tygarts 
Creek Member. Specimens from both members are heavily 
recrystalized and show evidence of predepositional abra- 
sion and breakage. 

The fine-grained nature of the Holly Fork, as well as 
the presence of birdseyes, algal laminae, dolomitic inter- 
clasts, and a restricted fauna dominated by gastropods and 
ostracods, suggest a carbonate tidal-flat environment for 
this unit. In contrast the bioclastic, oolitic nature of the 
overlying Tygarts Creek Member indicates a carbonate 
sand-belt or beach-ridge environment behind which the 
Holly Fork tidal flats developed. 

The conditions of the ammonoids and other open-ma- 
rine faunal forms, such as nautiloids, as well as the rather 
unnatural depositional environments in which they occur, 
indicate that this fauna is a reworked death assemblage 
probably washed onto the sand belt and tidal flats during 
major storms. 


Currently identified ammonoids include Goniatites cf. 
granosus, Neoglyphioceras cf. subcirculare, Girtyoceras 
cf. limatum, Pronorites sp., and the prolecanitid ?Meta- 
canites. This fauna represents the Neoglyphioceras sub- 
circulare subzone of the Goniatites granosus Assemblage 
Zone of the Midcontinent, which is Middle Chesterian in 
age and equivalent to the latest Viséan in the European 
section. 


Outcrop and subsurface stratigraphy of the Louisville 
Limestone (Silurian), west-central and western Kentucky 
DANIEL J. PHELPS,* Department of Geological Sci- 
ences, University of Kentucky, Lexington, KY 40506 

The Silurian (Niagaran) Louisville Limestone on out- 
crop can be divided into 7 subunits. In ascending order, 
these are: (1) “Transitional Base’’—interbedded dolomitic 
shale and argillaceous dolostone; (2) “Dark Argillaceous 
Bed’ —a single argillaceous dololutite bed; (3) “Calcite- 
Filled Vug Beds”—thin- to medium-bedded dololutites 
and dolarenites; (4) “Shale Break’ —a thin shale; (5) “Do- 
lolutites and Dolarenites” —bioherm-bearing dololutites and 
dolarenites; (6) “Massively Bedded Dolostiltites and Cal- 
cisiltites”’; and (7) “Massive Coral-Bearing Dolarenites and 
Calcarenites. ” 

The formation can be traced into the southern portion 
of the Illinois Basin. It is combined with the Laurel Do- 
lostone to form the St. Clair Limestone where the Waldron 
Shale is absent deep in the Illinois Basin. Within the Rough 
Creek Fault Zone, the Louisville thins on upthrown fault 
blocks and thickens on downthrown fault blocks. The 
Louisville Limestone thickens within the Moorman Syn- 
cline and in southern Jefferson County, KY. 

The Louisville was deposited under low- to moderate- 
energy conditions on an open-marine shelf. Overall, the 
formation represents a shallowing-upward carbonate se- 
quence, but syndepositional growth faulting in the area of 
the Rough Creek Fault Zone may have altered the basic 
pattern locally 

Dolomitization probably occurred through the mixing 
of fresh and marine waters during Early and Middle De- 
vonian uplift of the Cincinnati Arch, which served as a 
source for fresh water. As a result, the formation becomes 
progressively less dolomitic away from the arch, 

Hydrocarbon production comes from unconformity traps 
related to the up-dip pinch-out of the unit. 


Petroleum geology of south-central Kentucky and vol- 
canic ash. JOE WILDER and GRAHAM HUNT,* De- 
partment of Geology, University of Louisville, Louisville, 
KY 40292. 

Ordovician bentonites of the study area are numerous 
and widespread. At least 18 mappable bentonites are known 
in this section, but the voleanic sources are unknown. These 
bentonites are: (1) thin, (2) probably produced by the 
devitrification of glassy igneous material of a tuff or vol- 
canic ash, and (3) appear to thicken to the southeast of 
the study area. Bentonites of the Mud Cave and Pencil 
Cave map units, and others, are useful stratigraphic mark- 
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ers, however, they may absorb large quantities of water 
and/or other fluids that may increase the original volume 
of the rock up to 8 times. This swelling causes completion 
and production problems in petroleum recovery. These 
problems warrant a closer look at the mode of occurrence 
of the volcanic ash. In this study area one might attempt 
to apply the principles of uniformity, ie., the volcanic 
processes and products of the present in Hawaii may be 
similar to the past volcanic conditions of the Ordovician 
of Kentucky 


MATHEMATICS 


A note on a note about an operational formula. JAMES 
B. BARKSDALE, JR., Department of Mathematics, West- 
ern Kentucky University, Bowling Green, KY 42101 

In a paper appearing in Amer. Math. Monthly 40:482, 
C. A. Hutchinson offered an operational formula for de- 
termining a particular integral of the differential equation 
(F(D)y = f(x), where F is a polynomial with real coeffi- 
cients and f is either the sine or cosine function belonging 
to the circular or hyperbolic family of functions. In this 
note to the KAS, the author observes that this operational 
formula may be obtained in a rather direct and simplistic 
manner by appealing to an elementary, but useful, identity 
for real polynomials. As a further consequence of the poly- 
nomial identity, a very simple and convenient formula for 
such particular integrals is easily obtained. 


Mathematical models of pendulum motion: from ordi- 
nary differential equations to chaotic behavior. ARNO E 
JONES* and RUSSELL M. BRENGELMAN, Department 
of Physical Sciences, Morehead State University, More- 
head, KY 40351 

The dynamical motion of a pendulum is used to illus- 
trate new phenomena such as chaotic oscillations occurring 
in non-linear systems. Chaotic vibrations are randomlike 
motions now known to occur frequently in a wide variety 
of physical systems. 

Classically the pendulum was first treated mathemati- 
cally as a simple linear harmonic oscillator. Attempts to 
extend this model to include non-linear effects meet with 
little success until the last decade, when the use of com- 
puters provided new mathematical insights. Many under- 
graduate texts on differential equations or dynamics now 
include an introduction to non-linear methods. These 
methods include the concepts of a phase-plane analysis, 
limit cycles, and Poincaré maps. 

A driven magnetic pendulum will be used to demon- 
strate a physical system to which these mathematical ideas 
can be applied. Huseyin Kocak’s “Differential and differ- 
ence equations through computer experiments” and com- 
puter software, PHASER: An Animator/Simulator for Dy- 
namical Systems will be discussed. 


Euler walked and walked again. CARROLL G. WELLS, 
Department of Mathematics, Western Kentucky Univer- 
sity, Bowling Green, KY 42101. 
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Leonhard Euler (1707-1783) is considered to be one of 
the most important creators of mathematical science since 
Newton. He published 530 books and papers during his 
lifetime, many of which were written when he was totally 
blind. Also he left over 350 manuscripts that were pub- 
lished after his death. Among his contributions were the 
introduction of the present-day functional notation (f(x)), 
the use of the symbol e to represent the base of the natural 
logarithm, and the use of the symbol i to represent the 
square root of —1 

The townspeople of Konigsberg, Prussia, had always 
asked whether one could take a continuous walk and cross 
each of seven bridges in the town without recrossing any 
bridge. Euler solved this famous problem by considering 
a network and proving the following results: (1) The total 
number of odd vertices in a network is even. (2) If a 
connected network has more than 2 odd vertices, it can 
not be traversed by a single path. (3) A connected network 
with no odd vertices can be traversed with any vertex 
being both the initial and terminal point. (4) A connected 
network with exactly 2 odd vertices can be traversed with 
the 2 odd vertices being the initial and terminal points. 

These results were part of the foundational work in the 
development of the areas of topology and graph theory. 
For this reason, Euler has been called the Grandfather of 
Topology 


PHYSIOLOGY, BIOPHYSICS, 
AND PHARMACOLOGY 


Wavelength dependence of gonidia formation and re- 
production in Volvox aureus. MARY K. BLAKEFIELD,* 
FONDA ROBINSON, and DENNY O. HARRIS, School 
of Biological Sciences, University of Kentucky, Lexington, 
KY 40506. 

Preliminary evidence suggests that the short wavelength 
region of visible light is necessary for gonidia formation 
(reproductive structures) in the colonial green alga Volvox 
aureus. Broad band wavelength filters were used to elim- 
inate portions of the visible spectrum generated by flu- 
orescent lamps. As more of the shorter wavelengths were 
removed, the formation of gonidia and subsequent repro- 
duction could be arrested for several days. 


Sodium ion efflux from detubulated frog skeletal muscle 
fibers. ROBERT CHANDLER,* Department of Biological 
Sciences, Prestonsburg Community College, University of 
Kentucky, Prestonsburg, KY 41653. 

Small bundles of less than 10 skeletal muscle cells from 
the frog were subjected to a treatment known to disconnect 
the transverse tubular membrane system from the surface 
membrane, a process known as “detubulation.” The efflux 
of sodium ions was recorded using radioactive tracers, and 
a comparison was made between the sodium efflux of 
normal cells and detubulated cells. In a majority of suc- 
cessful experiments the sodium efflux was lower in detu- 
bulated cells than normal cells. The sodium efflux was 
actually reduced to levels comparable to those achieved 
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by poisoning the Na/K pump with strophanthidin. This 
result indicates that the membranes of the transverse sys- 
tem are populated with Na/K pumps. 


Drinking of water by Rana catesbeiana tadpoles and 
froglets. LUSIA HAYATI* and JOHN J. JUST, School of 
Biological Sciences, University of Kentucky, Lexington, 
KY 40506. 

It has been reported by Bentley and Yorio that adult 
anurans do not drink water. We measured drinking rates 
during the course of metamorphosis and discovered that 
young tadpoles (Taylor-Kollros 1946, stages X-XII) drink 
water at a rate of 27 +/— 0.6 ul/g/h: (n = 33). As meta- 
morphosis progresses, the drinking rates decline signifi- 
cantly from 6.6 +/— 1.4 ul/g/h at stages XVIHI-XX to 
only 3.9 +/— 0.2 ul/g/h at stages XXIV-XXV. Many 
species of fish increase their drinking rates with increasing 
external salinities as a means of osmoregulation. When 
various stages of tadpoles are exposed to dehydration for 
2 wk in 250 mOsm/liter, their plasma osmolarity was 
increased significantly. All stages of tadpoles, unlike fish, 
showed a significant reduction in their drinking rate after 
2 wk of dehydration. 


Microcirculation in hypertension and sepsis. ANDREAS 
S. LUBBE,* PATRICK D. HARRIS, and R. NEAL GAR- 
RISON, Department of Physiology, University of Louis- 
ville, Louisville, KY 40292. 

Live Escherichia coli were infused into normotensive 
(NT) and 1K1C hypertensive (HT) rats. The microcircu- 
lation of skeletal muscle (SM) and small intestine (IN) was 
observed by closed-circuit videomicroscopy. Diameters of 
large (A,) and small (A;) arterioles in high (HOS) and low 
(LOS) cardiac output sepsis at baseline (BL) and 60 min 
(¥ + SEM) were: (*P < 0.05 for comparison of NT to HT, 
@ for SM vs. IN) 


SM (muscle) 


A,-NT A,-HT A,-NT A,-HT 


BL: 95+4 ym 76+6um* 16+1 ym 21+3 ym 


HOS 88 + 2% 101+ 2%* 126+410% 98 + 11%* 
LOS 93 + 3% 88 + 8% 129 + 10% 107 + 8%* 


IN (intestine) 
A,-HT 
BL: 883 +9 yum 79+5 um 


A,-NT A,-NT 
i+2um 15+2pm 


HOS 88 + 3% 
LOS 89 + 3% 


82 + 4% 
84 + 2% 


82+6%m@ 102+ 
92+ 2%m 100 + 2%* 


SM and IN vessels respond differently to E. coli sepsis in 
normotensive rats. However, small arterioles do not dilate 
in SM and do not constrict in IN during sepsis in the 
hypertensives. Hypertension generally blunts small arteri- 
olar response to sepsis in different tissues. 
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ATPase activity in the urinary bladder of Rana cates- 
beiana tadpoles and froglets. THERESA L. POWELL* 
and JOHN J. JUST, School of Biological Sciences, Uni- 
versity of Kentucky, Lexington, KY 40506. 

Na-K ATPase in adult anuran urinary bladder and skin 
serves as a Na* conservation mechanism for these fresh 
water animals. Na* is actively transported from dilute 
urine or pond water into the plasma. At the beginning of 
metamorphic climax (Taylor-Kollros Stage XX) active 
transport begins in the skin, simultaneous with bladder 
development. We set out to determine Na-K ATPase ac- 
tivity in the developing urinary bladder by measuring Pi 
liberation in the presence of 2 mMol/liter ATP (total AT- 
Pase activity) with and without 10 M ouabain, a Na-K 
ATPase inhibitor. By subtracting activity in the presence 
of ouabain from total activity, a measure of Na-K ATPase 
activity can be determined. No significant difference was 
found between either total (32.29 +/— 10.19 ugPi/mg 
protein) or Na-K ATPase (1.49 +/— 5.65 wgPi/mg pro- 
tein) activity in stages tested. Bonting and Cavarraggio 
reported Na-K ATPase activity represented only 13% of 
total activity in adult toad bladders. Our data show fluc- 
tuation in the mean percent of total with Stage X VIII being 
22.84 + /— 24.65% (n = 6), Stage XXII 1.77 +/— 10.75% 
(n = 9), and adults 8.70 +/— 8.55% (n = 7). We have 
attempted ionic substitution, increasing ouabain concen- 
trations, and pre-incubations with ouabain in an attempt 
to eliminate or reduce Na-K ATPase variability, however, 
none of these protocols shows a stage specific statistically 
significant difference 


Renovascular hypertension (RVH) involves an increase 
in small artery resistance. JOHN D. IMIG* and GARY L. 
ANDERSON, Department of Physiology / Biophysics, Uni- 
versity of Louisville, Louisville, KY 40292. 

Pressure in the pudic-epigastric artery (PEA) feeding 
the cremaster muscle of rats was measured using a servo- 
null micro-pressure system at 2 and 4 wk after the onset 
of renal artery stenosis (1-kidney, 1-clip RVH). Exterior- 
ized cremaster muscles and exposed PEA feed vessels from 
Sprague-Dawley rats (175-250 g) anesthetized with in- 
actin (100 mg/kg i.p.) were positioned in situ in a Krebs 
bicarbonate buffered tissue bath (pH 7.4, 35°C). Pressures 
(expressed below in mmHg + SEM) were measured in 
the carotid artery, along the PEA, and in the major cre- 
master arteriole (Al) of control (C) and hypertensive rats 
(RVH) 


Carotid Prox. PEA Dist. PEA Al 


2wk C 108 + 4 97+ 4 838+4 5844 
RVH 143+5 1384+6 114+4 8145 

4wk C 106 +5 96 + 6 75+5 S5SO0+1 
RVH 162+7 146+8 10543 75+ 


These data demonstrate an increase in resistance across 
the pudic-epigastric artery (length ~ 10 mm, diameter ~ 
250 um) minimizing the elevation in cremaster microvas- 
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cular pressure of RVH rats. Supported by HL34682 and 
University of Louisville Center for Applied Microcircu- 
latory Research 


PSYCHOLOGY 


Individual differences affecting performance in a self- 
paced course in psychology. DAVID M. CARSCADDON,* 
Kentucky Cabinet for Human Resources, Frankfort, KY; 
and FRANK H. OSBORNE, Department of Psychology, 
Morehead State University, Morehead, KY 40351 

The relationship between certain psychological vari- 
ables and mid-term grades in a computerized self-paced 
course in psychology was investigated. The psychological 
variables measured included: Generalized Expectancy for 
Success Scale (GESS); locus of control as measured by the 
Internal Control Index (ICI); self-esteem, as measured by 
the Index of Self-Esteem (ISE); the Problem-Solving In- 
ventory (PSI), which measures how persons appraise their 
own personal problem-solving in their daily lives; and the 
Experience Log (EL), a questionnaire designed to obtain 
historical data on subjects’ personal problems in the past 
year. 

Multiple regression model building operations resulted 
in a best-fitting 5-variable model. The 5-variable model 
consisted of personal control, problem-solving confidence, 
number of days in past year one had a problem, personal 
problem solving, and sex (multiple R of 0.72 and R? of 
0.52). The problem solving confidence factor suppresses 
its effect in favor of personal control. A strong relationship 
held between personal control, problem solving confi- 
dence, and the number of days one had a problem to mid- 
term grades. A lesser relationship held for females and 
personal-problem solving. Fewer problems days leads to 
better grades, although some subjects may tend to over- 
report problems. Greater personal control (less impulsivity) 
leads to better grades, relating possibly to self discipline, 
an important characteristic to have in a self-paced course. 
The implication being that knowing what variables predict 
success in a course can provide some preventative measures 
to guard against drop-out and poor performance. 


Student evaluation of a computer-assisted, self-paced 
course in psychology. ROBERT C. MARTIN* and FRANK 
H. OSBORNE, Department of Psychology, Morehead State 
University, Morehead, KY 40351. 

Over 90 students evaluated a self-paced course for in- 
troductory psychology that used microcomputers for pre- 
sentation of most tests and tutorials. Less than 10% of the 
students who signed up for these sections were psychology 
majors or minors. Students were graded on the basis of the 
number of units they passed over a 15-wk semester and 
their grade on 2 comprehensive final examinations cov- 
ering all 29 chapters in the Coon Introduction to psy- 
chology textbook. Students could also earn credit by par- 
ticipating in various in-class and out-of-class experiments 
and demonstrations. Approximately 63% of the 91 students 
completing these 2 sections of Introduction of Psychology 
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(133 students attempted the courses) received a grade of 
A, which is consistent with data from other courses using 
the self-paced method. 

Students were asked to rate on a 5-point scale (5 highest) 
numerous facets of the course such as the tutorials, finals, 
and participation in the demonstrations for their usefulness 
in the course and whether or not they liked these activities. 
They were also asked to rate the instructor and graduate 
assistants on the same 5-point scale. Almost all student 
ratings of the course and personnel were in the 4- to 5-point 
range. One third of the students had previously used a 
computer. Students who had not previously used a com- 
puter rated the computer aspects of the course more highly 
than did the students who had used it before. As indicated 
by student ratings of the course, computerized self-paced 
courses are heavily preferred as an alternative to the tra- 
ditional lecture method of presenting a college-level in- 
troductory course 


Factors affecting learning and retention using computer 
assisted instruction. FRANK OSBORNE and JEAN M. 
GILLESPIE,* Department of Psychology, Morehead State 
University, Morehead, KY 40351 

This experiment was conducted to evaluate different 
types of computer assisted instruction (CAI). Twenty-nine 
general psychology students were randomly assigned to 
one of three conditions (active, passive, or reading). The 
active group, (n = 12) practiced the material (a chapter 
from the students’ general psychology text) on the com- 
puter by actively answering questions for 20 min. The 
passive group (n = 9) read questions and answers, which 
covered the same chapter, on the computer for 20 min. 
The correct answer was marked with an asterisk. The 
reading group (n = 8) read their book, which also covered 
the same chapter as the two groups above, for 20 min. 
Each subject then took a 40-question mastery test over the 
same chapter they had practiced or read. In the active 
and passive groups, the subjects had seen 50% of the ques- 
tions during practice sessions (PS) and had not seen the 
remaining 50% (NS). One week later, the subjects took a 
similar 40-question mastery test in which half of the ques- 
tions were seen previously. The results indicated that stu- 
dents performed better on PS items than on NS items. The 
active and passive groups performed better than the read- 
ing group on PS items. There were no differences between 
the three groups on NS items, although all mean scores 
were above chance. Overall, this study demonstrates that 
there is some value to CAL 


A comparison of middle-school vs. college students on 
the Muller-Lyer illusion. RONALD L. SKIDMORE* and 
FRANK H. OSBORNE, Department of Psychology, More- 
head State University, Morehead, KY 40351. 

Bower showed that size constancy as a perceptual ability 
is exhibited early on in human development. Gregory ex- 
plained the illusion of the Muller-Lyer figure as a function 
of size constancy with varied wing angles contributing to 
the extent of the illusion perceived. Results of previous 
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research are inconsistent with respect to an age-illusion 
relationship. Therefore, if size constancy is present early 
on in human perceptual development, the performance 
of different age groups on the illusion task should be sim- 
ilar. Middle-school (n = 45) and college (n = 24) students 
were tested on a Muller-Lyer illusion task. Presentation of 
test stimuli and recording of subject comparisons were 
performed via a microcomputer system. College subjects 
experienced a greater illusion effect on the acute-angle 
figures than did the middle-school subjects. Performance 
on the obtuse-angle figures was similar and consistent be- 
tween groups. It was concluded that the illusion effect 
indicated may be a function of prior experience with re- 
gard to perspective cues. Methodological questions were 
also discussed 


ZOOLOGY AND ENTOMOLOGY 


Natal dispersal of Eastern Screech-Owls (Otus asio) in 
central Kentucky. JAMES R. BELTHOFF,* Department 
of Biological Sciences, Clemson University, Clemson, SC 
29634; and GARY RITCHISON, Department of Biological 
Sciences, Eastern Kentucky University, Richmond, KY 
40475. 

Using radio-telemetry, we monitored dispersing juve- 
nile Eastern Screech-Owls (Otus asio) in central Kentucky 
in 1985 and 1986. Juvenile owls (n = 16) from seven 
families remained on natal territories for an average (+SE) 
of 55 + 1.3 d after fledging. The mean dispersal date was 
15 Jul, ranging from 8 to 21 Jul; mean dispersal date did 
not differ significantly between years. The mean number 
of days between dispersal of the first and last members of 
a brood was 4.3 d, ranging from 0 to 9 d. Juveniles (n = 
17) dispersed a median distance of 2.3 km from their nests 
(¥ = 4.4 + 1.11 km), ranging from 0.4 km to 16.9 km, 
including one juvenile that continued to use portions of 
its natal home range. Dispersal distance was not signifi- 
cantly correlated with either dispersal date or the number 
of days that juveniles remained on natal territories. Mean 
dispersal direction was 210 + 99.1°, and the distribution 
of dispersal angles did not differ significantly from ran- 
dom. After departing natal territories, individuals (n = 7) 
settled after an average of 5.6 d, ranging from 2 to 11 d. 
Mortality of juvenile owls was 18.2% during the period 
prior to dispersal, but increased to 67% after dispersal. 


Novel naturally occurring hornworm antibiosis chemi- 
cals in Nicotiana. JEFFREY H. BOTKIN,* DAVY JONES, 
Department of Entomology, University of Kentucky, Lex- 
ington, KY 40546; RAY SEVERSON, USDA/ARS, Athens, 
GA 30613; and MICHAEL JACKSON, USDA/ARS, Ox- 
ford, NC 27565. 

Nicotiana (section Repandae) offers an interesting mod- 
el chemical defense system against a nicotine insensitive 
insect, Manduca sexta. Interspecific transfer of a known 
insect antibiosis chemical and analysis of its quantitative 
and qualitative expression have not been previously re- 
ported. Here we probe the inheritance characteristics and 
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unique toxicology of acylnornicotines (acyINN) in allo- 
polyploid crosses of N. repanda and N. tabacum. Longer 
(predominant) 8-hydroxylated acyl chain forms were more 
toxic to M. sexta. The hybrids N. repanda = N. tabacum 
and N. repanda = N. sylvestris produced high levels of 
acyINN. The acyl chain length was dependent on the 
genotypic background in which the wild gene was ex- 
pressed. Genetic and chemical analysis of backcrosses to 
these hybrids should yield new insights in gene expression 
for insect allelochemics and for insect toxicology. 


Sex and age structure of coyotes collected in Kentucky's 
Lincoln County 1987 bounty program. RICHARD L. 
CROSSETT II* and CHARLES L. ELLIOTT, Depart- 
ment of Biological Sciences, Eastern Kentucky University, 
Richmond, KY 40475. 

Twenty-nine coyote (Canis latrans) carcasses (13 male, 
16 female) taken as a result of a bounty program in Lincoln 
County, KY, were collected between 7 Dec 1986 and 17 
Feb 1987. Bountied coyotes had been shot (17), trapped 
(11), and killed by automobile (1), Age determination via 
tooth cementum analysis revealed that 67% (18) of the 
coyotes collected were juveniles (<1 yr), and that 18% (5), 
7% (2), 4% (1), and 4% (1) were 1, 2, 3, and 7 yr old, 
respectively. 


Resistance of corn hybrids commonly grown in Ken- 
tucky to the maize weevil. LESLIE J. DAVIS,* DAVID 
E. LEGG, ROBERT J. BARNEY, and GERRIT KLOEK, 
CRS/Division of Mathematics and Sciences, Kentucky State 
University, Frankfort, KY 40601. 

Seven corn hybrids commonly grown in Kentucky were 
examined for resistance to the maize weevil, Sitophilus 
zeamais. Resistance was determined by allowing weevils 
to feed and oviposit for 7 d and then staining and counting 
egg plugs. There was a 5.8-fold difference in number of 
egg plugs between the most resistant and most susceptible 
of the 7 common corn varieties. Although there was some 
statistical overlap between some of the varieties, there was 
aclear trend indicating that commonly grown corn hybrids 
are not resistant to the maize weevil. 


The impact of variations in predator presence, food 
availability, and prey density on the microhabitat selection 
of the stoneroller, Campostoma anomalum, RITCHIE 
GRAVES* and C. K. BARTON, Division of Science and 
Mathematics, Centre College, Danville, KY 40422. 

The role of prey density, predator presence, and food 
availability in determining the microhabitat preference of 
a prey species, Campostoma anomalum, was studied. In 
the experimental stream facility, the prey had free access 
to a shallow pool (with and without cover), a riffle, and a 
deep pool (with and without cover), whereas the predator 
was confined to the deep pool. Three densities (5, 15, 30) 
of prey, 2 levels (absent/present) of food availability, and 
2 levels (absent/ present) of predators were included in the 
experimental design. The amount of time spent by the 
prey in each microhabitat was recorded. The presence of 
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a predator significantly (P < 0.01) changed the micro- 
habitat selection of the prey. The impact of food and prey 
density on microhabitat selection was less clear 


Prey selection in relation to sexual dimorphism of fisher 
(Martes pennanti) in New Hampshire. WILLIAM M 
GIULIANC,* JOHN A. LITVAITIS, and CLARK L. STE- 
VENS, Wildlife Program, Department of Forest Re- 
sources, University of New Hampshire, Durham, NH 03824. 
Present address of W.M.G.:; Department of Biological Sci- 
ences, Eastern Kentucky University, Richmond, KY 40475 

Trapper-harvested carcasses of fishers (Martes pennan- 
ti) were collected in 1986 and 1987 in New Hampshire 
The diet of fishers in both samples was similar. Major food 
items in the 1987 sample were small mammals (31.8% 
occurrence), birds (20.8%), fruit (17.9%), deer (Odocoileus 
virginianus) (16.8%), and snowshow hare (Lepus ameri- 
canus) (9.2%). High indices of overlap (generally C, > 
0.90) between sexes, and among age and weight classes, 
were found. Results show that sexual dimorphism in fishers 
has not resulted in substantial partitioning of prey re- 
sources, which may have lessened intraspecific competi- 
tion 


Polydnavirus of Chelonus aff. curvimaculatus: genomic 
cloning and segment organization. BERNHARD G. 
HAENE* and DAVY JONES, Department of Entomology, 
University of Kentucky, Lexington, KY 40546. 

The genome of Chelonus aff. curvimaculatus consists 
of a least 15 double stranded, circular segments. Its size is 
at least 270 kb. The entire genome has been cloned as 
EcoRI-fragments into the plasmid pUC119. The sizes of 
the EcoRI-fragments range from 0.6 to 13.3 kb. Some of 
the larger segments have sequence similarity to the 3 small- 
est segments. The three smallest segments however do not 
significantly cross-hybridize. 


Ecophysiological adaptation of young-of-year studfishes 
(Fundulus catenatus) to headwater environments. LORI 
HAINES* and MIKE BARTON, Centre College, Danville, 
KY 40422. 

Field observations of microhabitat preferences of larval 
and juvenile studfishes (Fundulus catenatus) reveal that 
they select the shallowest reaches of stream margins often 
inhabiting intermittent bodies of water only a few milli- 
meters deep. Population density in these physically unsta- 
ble environments was assessed, and studies on physiological 
compensating mechanisms that would accommodate ex- 
istence in such environments were undertaken. Specifi- 
cally, the influence of acclimation temperature on critical 
thermal maximum and oxygen consumption was investi- 
gated. A correlation of oxygen consumption rate with in- 
dividual body size and acclimation history was deter- 
mined. 


Anew method for restriction-mapping single-digest DNA 
using microcomputer systems. R-YKANDAR KORRA- 
‘TIK,* AUDREY FERRY, BERNHARD HAENE, and 
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DAVY JONES, Department of Entomology, University of 
Kentucky, Lexington, KY 40546. 

Until now, mapping restriction sites in DNA has re- 
quired multiple, time-consuming complete digests with 
more than one enzyme. While analysis of DNA using only 
single-enzyme partial digests has always been a theoretical 
possibility, the complexity of analysis of empirical partial 
digest data has previously been considered to make such 
an approach impractical, However, the application of new 
pattern-matching and destructive/recoverable data chain- 
ing methods has now made this approach tractable. Tests 
using both theoretical and empirical data routinely pro- 
duce accurate and useful information. As a result, many 
types of formerly time-prohibitive DNA analysis have now 
become available for common use 


Studies on the isoforms of juvenile hormone esterase. 
MARIA MANCZAK* and GRACE JONES, Department 
of Entomology, University of Kentucky, Lexington, KY 
40506 

Using juvenile hormone esterase (JHE) antibody, we 
determined the ratio of the 2 major isoelectric forms of 
JHE and found it to vary in many cases. However, under 
certain conditions the ratios of the 2 JHE isoforms re- 
mained similar during the last larval stadium. Upon hor- 
mone treatment, the total enzymatic activity of both forms 
of JHE increased. The ratio of the 2 isoforms, however, 
still remained unchanged. The 2 minor forms also cross- 
reacted with the antibody to the 2 major forms. 


Interference, cannibalism, and functional responses of 
dragonflies. ELIZABETH K. MARTIN,* Division of Sci- 
ence and Mathematics, Centre College, Danville, KY 40422; 
and PHILIP H. CROWLEY, School of Biological Sciences, 
University of Kentucky, Lexington, KY 40506. 

We determined the functional responses (i.e., attack 
rates per predator) of 2nd-yr-class larvae (Tc2) of the 
dragonfly Tetragoneuria cynosura (Odonata: Corduliidae) 
to their own density, and to the density of their 1st-yr- 
class conspecific prey (Tcl). The functional response to 
prey density follows the decelerated curve (type 2) typical 
of many invertebrate predators; the inverse functional re- 
sponse to predator density indicates strong feeding inter- 
ference among Tc2 larvae. Both a distraction model (in 
which prey and predators “compete” for the predator's 
attention) and a pre-emption model (in which interference 
takes precedence over feeding) fit the data reasonably well. 
By comparison with a previous field study, these laboratory 
results suggest that the structural complexity and alter- 
native prey present in the field greatly reduce the rate of 
predation by Tc2 on Tcl larvae, but do not reduce the 
intensity of interference among Tc2 predators. 


Relative abundance and species composition of fungi 
associated with a large factorial experiment concerning 
stored corn. B. D. PRICE,* J. D. SEDLACEK, M. SID- 
DIQULI, and R. J. BARNEY, Community Research Service, 
Kentucky State University, Frankfort, KY 40601. 
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The identity and relative abundance of various fungi 
were determined in experimental hybrids of stored corn 
used as part of a large factorial experiment. In the main 
experiment, interactions were studied between the effects 
of different storage conditions and management tactics. 
In the fungal study, 10 kernels from each experimental 
unit were plated on 2 types of media: (1) Czapek-Dox 
broth containing 20% sucrose placed on filter paper and 
(2) sterile distilled water placed on filter paper. Cultures 
were allowed to incubate for 7 d and then were identified. 
The number and kind of each fungus per plate was re- 
corded. A total of 19 distinct fungal species were isolated. 
The most frequently encountered species were Aspergillus 
glaucus, Rhizopus sp., Aspergillus niger, Fusarium sp., 
and Mucor sp. Analysis of the data revealed that the pres- 
ence of the maize weevil, Sitophilus zeamais, in the ex- 
perimental unit had a statistically significant effect only 
upon the relative abundance of A. glaucus. Much higher 
numbers of A.glaucus occurred when weevils were pres- 
ent. It was also determined that bleaching of the kernels 
had a significant effect on the population of each of the 
major fungi. With the exception of A. glaucus, the re- 
maining population of the predominating fungi was great- 
ly reduced classifying them as probable surface contam- 
inants. There was no apparent effect of corn hybrid upon 
the fungal population based on resistance or susceptibility 
to weevil attack. 


Isolation and characterization of a 33 kDa protein in 
the venom of the endoparasitic wasp Chelonus aff. cur- 
vimaculatus. T. TAYLOR* and D. JONES, Department 
of Entomology, University of Kentucky, Lexington, KY 
40546. 

A 33-kDa major protein was isolated from the venom 
of the adult Chelonus aff. curvimaculatus by using a sim- 
ple and rapid preparation procedure of anion-exchange 
chromatography. Amino acid analysis revealed that the 
acidic nature of the protein was due to the presence of 
high proportions of aspartic acid/asparagine and glutamic 
acid/glutamine residues. N-terminal sequencing showed 
the presence of a highly polar region of 3 adjacent lysine 
residues, On passage of a crude preparation of Chelonus 
venom through a concanavalin-A affinity column, the 33- 
kDa protein did not exhibit any strong binding to the 
lectin. This suggested that the protein is either non-gly- 
cosylated (without mannose or glucose) or the sugar moiety 
is of a highly branched nature. The development of an 
assay to assess the biological function of the protein was 
also presented. 
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Fecundity and spawning substrate preferences of cap- 
tive Kentucky snubnose darters (Etheostoma rafinesquei), 
multiple spawners. GORDON kK. WEDDLE, Biology De- 
partment, Campbellsville College, Campbellsville, KY 
42718. 

Nine pairs of Kentucky snubnose darters were main- 
tained in captivity in natural habitat for periods of 26-42 
d in spring 1988. Spawned ova (n = 4,892) were collected 
from artificial spawning substrates aligned horizontally, 
vertically, and at a 45° inclination from vertical. Seventy 
per cent of the ova were spawned on vertical substrates, 
25% on inclined substrates, and 5% on horizontal sub- 
strates. Females spawned multiple clutches of ova (mean 
clutch = 47.4 ova; mean interval between clutches = 3.2 
d). Water temperature was directly correlated with clutch 
(r = 0.47; P < 0.001) and inversely correlated with interval 
(r = —0.29; P < 0.001). The maximum number of ova 
spawned by any female was 780 contained in 13 clutches 
spawned over 42 d. Fecundity (F) was estimated by cal- 
culation; F = (season length/mean clutch interval) x (mean 
clutch). Fecundity estimates for 9 captive females (400- 
1,140) were much larger than published estimates based 
on counts of mature ova. Because ripe ova were recruited 
throughout the season, counts of mature ova probably rep- 
resented clutch rather than fecundity. The spawning sea- 
son (7-8 wk) terminated when maximum water temper- 
ature remained consistently above 21.5°C. Many ova, 
including ripe ova, were resorbed at the end of the season. 
Counts of ova, total or mature, did not yield valid estimates 
of fecundity for Kentucky snubnose darters. Whether this 
is true of other darters is not known. 


Small mammal density on clear-cut and unharvested 
sites in central Kentucky. DALE WOODS* and CHARLES 
L. ELLIOTT, Department of Biological Sciences, Eastern 
Kentucky University, Richmond, KY 40475 

Three clear-cuts and 1 unharvested site in the Daniel 
Boone National Forest, KY, were surveyed to determine 
small-mammal density levels, Clear-cuts I and II were 
harvested in 1984; Clear-cut II, in 1980. Small mammals 
were live-trapped for 3 consecutive nights/site/month 
from Aug 1986 to May 1987. Densities were determined 
using the Modified Jolly-Seber Full Model. When all species 
were combined, the mean population size for each clear- 
cut was greater than for the unharvested site. Clear-cuts 
I, IL, and III exhibited an average density of 18.6, 8.3, and 
6.7 animals/ha respectively; the unharvested site, an av- 
erage of 6.0 animals/ha. 
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DISTINGUISHED SCIENTIST AND 
OUTSTANDING SCIENCE TEACHER 
AWARDS FOR 1988 


DISTINGUISHED SCIENTIST AWARD FOR 1988— 
Dr. WILLIAM E. LLoyp 


Dr. Lloyd is truly deserving of the Distinguished Sci- 
entist Award, having vigorously and tirelessly promoted 
the development of strong scientific programs throughout 
the State over a period of 21 years. I believe every chemist 
in Kentucky knows Bill, and most all of the state's scientists 
know of him and have been affected in some way by his 
efforts to raise the scientific literacy of the State. The 
following paragraphs give a brief summary of Dr. Lloyd's 
activities, 

After a very productive 17 years of work in industry, 
Dr. Lloyd joined the Department of Chemistry at Western 
in 1967. Even though he carried a heavy teaching load, 
he was able to establish a very productive research pro- 
gram that involved colleagues as well as graduate and 
undergraduate students. Dr. Lloyd can be given most of 
the credit for starting the M.S. program in Chemistry at 
Western and certainly deserves the credit for getting the 
program on a sound footing. He was the first to obtain 
extramural funds for graduate assistantships for the pro- 
gram. In recognition for his contribution to research, Dr. 
Lloyd was awarded the University Faculty Research Award 
in 1971, the first year the award was given. 

In 1973-1974 Dr. Lloyd served as Director of the Task 
Force on Public Science and Technology, under the joint 
auspices of the Kentucky Science and Technical Com- 
mittee and the Kentucky Academy of Science. In this work 
he completed four reports, which include Federal R&D 
Funding in Kentucky, Kentucky's Needs in the Area of 
Public Science and Technology, and The 1974 Kentucky 
Scientific Manpower Registry. He also served as a con- 
sultant to Universidad Nacional de Trujillo, Peru (1971- 
1972) and Universidad Austral de Valdivia, Chile (1972- 
1974). 

In 1974 Dr. Lloyd accepted an appointment to the In- 
stitute for Mining and Minerals Research (IMMR) at the 
University of Kentucky. While serving as Associate Di- 
rector, he played a major role in building the Kentucky 
Energy Cabinet Laboratory (run by IMMR) into one of 
the best equipped and best staffed coal research facilities 
in the world. He traveled extensively to promote the ac- 
tivities of the Laboratory and to call the State’s attention 
to the vast amount of research that needed to be done 
with coal, its principal mineral resource. Dr. Lloyd was 
very successful in locating scientists throughout the state 
who could provide technical assistance to the Laboratory, 
and was able to get many of them started in research 
programs at their institutions. Several faculty members I 
know at the Murray, Western, and Eastern regional uni- 
versities, The University of Louisville, and The University 
of Kentucky were encouraged by Dr. Lloyd to initiate 


research studies in coal science. Most of these studies have 
been very productive and have resulted in exchanges of 
seminar speakers, joint programs (Cooperative Ph.D. pro- 
gram between the University of Louisville and Western 
Kentucky University) and special symposia/sessions at the 
Kentucky Academy of Science meetings (1982-1988). In 
recent years these symposia have attracted papers from 
industry (Ashland Oil), from the Kentucky Center for Ap- 
plied Energy Research, and the Kentucky Geological Sur- 
vey. 

In 1980, after a national search, Dr. Lloyd was appointed 
Dean of the Ogden College of Science and Technology at 
Western Kentucky University. He was able to guide Ogden 
College through some troubled times that included budget 
cuts, very low salary increases, and a declining student 
enrollment. In addition, the College grew from seven to 
eleven departments during a restructuring of the Univer- 
sity and the elimination of the Applied Arts and Health 
College. Because of Dr. Lloyd’s guidance and hard work, 
the Ogden College of Science, Technology and Health is 
today the most balanced and strongest overall college at 
Western. He is one of the most vocal and most visible 
supporters of scientific research in the college. 

The demanding job of being Dean of the University’s 
largest college was not enough to keep Dr. Lloyd out of 
the classroom and out of the research laboratory. Since 
1980 he has been the project director on three major grants 
and co-principal investigator on two other grants. The 
granting agencies include the U.S. Department of Energy 
(2); the Electric Power Research Institute; and a private 
company, Teledyne Water-Pik. In addition to obtaining 
these grants, he has always been eager to share his ideas 
and assist other faculty members in their efforts to establish 
successful research programs and obtain support for their 
work. I personally have benefited greatly from Dr. Lloyd’s 
efforts and can attribute a great deal of my own success 
as a scientist to his encouragement, help, and general en- 
thusiasm for good, solid, and worthwhile scientific inves- 
tigations. I know that more than half the members of the 
Chemistry Department can make similar statements about 
how Dr. Lloyd has had a direct influence on their scientific 
careers. This man is a gold mine when it comes to solutions 
to difficult research problems, or for general ideas about 
interesting areas of worthwhile research. 

Dr. Lloyd played a major role in establishing the Center 
for Coal Science at Western Kentucky University. Today 
this Center enjoys an international reputation in coal sci- 
ence, and its members have made many significant con- 
tributions toward the safe and efficient transportation and 
utilization of Kentucky coal. Desulfurization, self-heating, 
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ultrafine milling and production of coal slurries, efficient 
combustion of coal blends, and basic structural studies of 
coal are examples of current research at the Center. In 
direct competition with several Ph.D. granting institutions 
and major industries throughout the U.S. Dr. Lloyd was 
able to convince Standard Laboratories to transfer own- 
ership of The Journal of Coal Quality to the Center for 
Coal Science. This journal is the premier journal in the 
coal testing industry and has a readership in over 40 coun- 
tries. Members of the Center for Coal Science include 
seven chemists, two geologists, two biologists, and a phys- 
icist, all of whom have been drawn together to work as 
a group through the encouragement of Dr. Lloyd. One of 
the most widely known coal scientists in the world, Dr 
Richard Neavel, has inquired about the possibility of join- 
ing our coal science group, without pay, upon taking early 
retirement from his position as Director of Research at 
Exxon Research and Engineering Co. in Bayton, TX. Dr. 
Neavel was very complimentary of our group, citing our 
productivity, and was especially complimentary of Dr. 
Lloyd. 

In addition to being an outstanding researcher, Dr. Lloyd 
is just as effective as a classroom teacher. He has developed 
and taught highly technical upper level and graduate or- 
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ganic chemistry courses at Western and has also taught 
first year chemistry classes offered by the Chemistry De- 
partment. His broad cultural and scientific background 
has made it easy for him to relate to the cross section of 
the student population that enrolls in the nonscience majors 
chemistry courses. I recently overhead Dr. Lloyd describe 
the operation of a modern gas chromatographic system to 
a high school teacher and members of her chemistry class. 
The description he gave for the separation of alcohols was 
excellent, and the enthusiasm he displayed while making 
the presentation was contagious. I believe that teacher and 
her students left the laboratory with an understanding of 
how chemists analyze alcohol mixtures and a feeling of 
the excitement one often experiences in chemical research. 

Dr. William G. Lloyd has contributed significantly to 
science at nearly every level of industry and academia 
His very impressive list of publications (70), patents (22), 
and many presentations are only a part of the total con- 
tribution he has made to science. He has been a role model 
for me and many other scientists in Kentucky. I know of 
no scientist in the Commonwealth of Kentucky that is more 
deserving of the “Distinguished Scientist Award” than Dr. 
William G. Lloyd. 


OUTSTANDING SCIENCE TEACHER AWARDS FOR 1988 


COLLEGE LEVEL: Dr. RON ROSEN 


Dr. Ron Rosen is a very dedicated teacher as is evi- 
denced by the long hours that he puts in on behalf of the 
students and Union College. Ron is always receptive to 
going the “last mile” for those students and this is what 
makes him unique. He maintains excellent balance with 
this type of service and his academic standards. He has 
that special knack of being able to maintain this balance 
and therefore not compromise his principles or those of 
the institution. 

Ron is also a scholar. He spent a full year doing research 
at the University of Kentucky on the Pew grant and is 
continuing to perform well in this aspect of his career 
because he is doing research on a mini-grant at UK in- 
volving some of our students. 

Ron’s evaluations, both student and administrative, are 
always excellent. This is further testimony of the high 
regard that these different sectors have for his teaching. 

In addition to this, Ron is a very pleasant, cooperative, 
personable individual. He always has a smile and some- 
thing warm to say about everyone because he doesn't dwell 
on the negative. 


HicH SCHOOL LEVEL: 
Ms. SusAN J. MUELLER 


Ms. Susan J. Mueller, Henderson County South Jr. High 
School, is very dedicated to the field of science teaching 


as evidenced by her many continuing education activities, 
leadership and participation in professional organizations 
such as KAPS, NSTA, and NEA/KEA/HCEA. She has 
developed and conducted numerous workshops and train- 
ing programs in several Kentucky counties. She is a gifted 
teacher, working many hours outside the classroom to im- 
plement Project Equals into teaching as well as striving to 
implement programs for gifted students 

Susan is also interested in scholarly activities, including 
maintaining an active membership in the Kentucky Acad- 
emy of Science. Her present research involves the control 
of pest insect populations by the use of pheromones and/ 
or parasitic insects. 

Her activities related to her role as a teacher are ex- 
ceptionally numerous, much too numerous to iterate here. 
Some important examples include the directing of science 
fairs, the sponsorship of science clubs, coaching girls bas- 
ketball at the junior high level, the sponsoring of student 
field trips, the establishment of Water Watch programs 
for grades 6-9, and an active membership in the League 
of Women Voters. 

Susan was named Outstanding Science Teacher by KAPS 
in 1986, and received the Presidential Award for Excel- 
lence in Science Teaching for Kentucky in 1987. 

Susan Mueller has, of course, achieved much more than 
can easily be reflected in a brief presentation like this. The 
responses of her superiors and co-teachers and, especially, 
of her students uniformly describe a highly motivated and 
dedicated teacher, one who can be justifiably proud of her 
achievements. 
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Student Winners 


Section A 
Kim Sale—lst Place 


Stuart L. Myers—2nd 
Place 


Matthew Raymer—3rd 
Place 


Section B 


Audrey Cho—Ist Place 


Melissa Reynolds—2nd 
Place 


Aretha Luttrell—3rd 
Place 


Section C 


Burton N, Stodghill—lIst 
Place 


Lisa Menne—2nd Place 


Traci Roy—3rd Place 
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KENTUCKY JUNIOR ACADEMY OF SCIENCE 
1988 Symposium WINNERS 


Sponsors 


Ms. Julie M. Ritchie 

Science Club Sponsor 

Harrison County High 
School 

Route 4, Webster Ext 

Cynthiana, KY 41031 


Mr. Robert Baar 
Science Club Sponsor 
Pleasure Ridge Park 
Greenwood Road 
Louisville, KY 40258 


Mr. Steve Zimmer 
Science Club Sponsor 
Warren East High School 
6867 Louisville Road 
Bowling Green, KY 42101 


Sr. Judith Averbeck 

Notre Dame Science-Jets 
Club 

Notre Dame Academy 

Hilton Drive 

Covington, KY 41011- 
2796 

Mrs. Barbara Jeffries 

Observers Science Club 

Casey County High 
School 

Route 4 

Liberty, KY 42539 


Casey County 


Mrs. Nelta Freeman 

Club of Biological Sci- 
ences 

Paducah Tilghman High 
School 

2400 Washington Street 

Paducah, KY 42001 


Notre Dame Academy 


Casey County 


Section D 
Heidi Osborn—Ist Place 


Jennifer Graff—2nd Place 


Brad Sutton—3rd Place 

Section E 

Sara Scheurich—Ist Place 

Sarah Cho—2nd Place 

Jeremy Crenshaw—3rd 
Place 

Section F 

Christi Lee Gillum—1st 
Place 


Margie Carlisle—2nd 
Place 


Darren Gibson—3rd Place 


Section G 


Gretchen Wagner—Ist 
Place 


Vicki Bitter—2nd Place 

Heath Hays—3rd Place 

Section H 

Steven Gold—lIst Place 

Chad Griffith—2nd Place 

Loren McBride—3rd 
Place 

Section I 


Irene Hong—lIst Place 
Luke A. Crafton and Billy 
Hudson—2nd Place 


Ms. Susan Mueller 
Science Club Sponsor 
South Jr. High School 
800 S. Alves St. 
Henderson, KY 42420 
Mr. Doug Byrum 
Beaumont Science Club 
Beaumont Jr. High School 
2080 Georgian Way 
Lexington, KY 40504 
South Jr. High School 


Beaumont Jr. High School 
Notre Dame Academy 


South Jr. High School 


Ms. Josey Morse 
Science Club Sponsor 
Summit Jr. High 
1226 Summit Road 
Asland, KY 41101 


Ms. Elaine Neely 

North Jr. High Science 
Club 

Henderson Co. North Jr. 
High 

1707 Second Street 

Henderson, KY 42420 


South Jr. High 


Notre Dame Academy 


Notre Dame Academy 
North Jr. High 


South Jr. High 
South Jr. High 
South Jr. High 


Beaumont Jr. High 
South Jr. High 


Zack Frazier—3rd Place South Jr. High 


Winners of the Lab 

Skills Competition 
Jr. High—Paris Southside Middle School 
Sr. High—Casey County High School 
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Science Bowl Winners 


Jr. High—Henderson County North/South Junior High 
School 
Sr. High—Greenup County High School 
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PRESIDENTIAL ADDRESS 


W. P. HETTINGER, JR. 


Members and friends of the Academy of Science—as 
indicated in my earlier address, | had chosen as my theme 
for this year, “Enhancing Academy of Science Recognition 
in the Commonwealth,” and today I would like to report 
to you on the progress that has been made since our meet- 
ing last year. 

As our previous presidents have pointed out, and in 
particular, I quote Joe Winstead, who said, “Upon assum- 
ing an office like the presidency of the Academy one gains 
the responsibility and privilege to address immediate goals, 
plans and hopes of the organization.” 

I am afraid that that brief comment by Joe is a rather 
disarming one as one quickly learns, not only about re- 
sponsibility and privileges, but also the details and volu- 
minous effort that goes into assuming this office. Further- 
more, one is usually provided with little guidance as to 
what to do when, and setting up timetables and keeping 
on schedule is again a very challenging assignment. 

I have, however, had the good fortune of being on the 
board and exposed to these meetings for many years and 
also had the opportunity of watching a number of my 
predecessors handle this meeting so smoothly. 

Overall, I would say this has been another good year 
for the Academy. We have been off to a good start for 
some years now and accelerating rapidly as evidenced by 
the fine performance and many improvements occurring 
in just the past few years. For example, your most recent 
President, Dr. Larry Giesmann, did so many things to 
accelerate our activities and efforts, as did Charles Covell 
before him, and Joe Winstead before him, to name but a 
few. As a result, the Academy is growing rather rapidly 
in membership also, and I have a few slides which show 
this, and which if I have time, I might present at the end. 

The number of members is up considerably and perhaps 
up over 150-200 from last year. Included in this number 
is the number of industrial and governmental scientists 
which has increased by some 50 members. At last count, 
we are now up to 81 industrial and governmental profes- 
sional representatives and we are also getting increased 
support from our institutional affiliates. This year there 
were 22 colleges and universities which participated in 
supporting the Academy and in keeping with our goal last 
year of increasing industrial affiliation participation, we 
have increased from three members to 8 and I expect 
that after our intensive promotional effort, that this num- 
ber is going to increase significantly within the year. In 
fact, it is my hope that before this year is over that we 
will have another three to five industrial affiliate support- 
ers. Nevertheless, we have some outstanding ones now in 
the way of I.B.M., Ashland Oil, United Catalysts, Alltech, 
and All-Rite Pest Control, Brown and Williamson, Mu- 
seum of History and Science, Louisville, and American 
Synthetic Rubber. These 7 companies have indicated their 
enthusiastic support. 


Because I made industrial recruiting and the attainment 
of industrial affiliates one of my more important objectives, 
I should convey to you that although I have probably more 
than met this goal, going from 14 industrial scientists to 
now approximately 45 and going from about 19 govern- 
mental representatives to 36, and think this is significant 
improvement, nevertheless, | was somewhat disappointed 
in the fact that I was not able to get more industrial 
scientists to join. However, I am of the opinion that one 
of the reasons for it is that we really do not have much 
industrial research activity in the state. I certainly have 
found it difficult to put my finger on where it is in many 
conversations with government and associates. We literally 
had to dig out most of this laboratory information for 
ourselves. 

Also, in seeking support from industry we certainly ran 
into the stone wall that is so symbolic of the problem that 
exists here, which is getting the joint participation or team- 
work of government, industry and academia in acceler- 
ating scientific and educational science in the state. It has 
been difficult for us to get the attention of industrial firms 
and to convince them that by increasing the interaction 
of industrial scientists with the university-college scientists, 
that it also helps to improve the performance of their own 
people. Nevertheless, we are going to keep working on 
this. I may be optimistic, but I believe I'm beginning to 
see some movement and hope that within the coming year 
we will crack this problem wide open. In this regard, I 
would like to express appreciation both to the educational 
institutions and the industrial firms who have offered their 
support and see this as a shining ray of hope for the future 
of the Academy. 

Another one of our goals this year was to gain more 
recognition for the Academy in the way of a permanent 
home. Your Executive-Secretary and I have worked hard 
on this goal and can report some degree of success. First 
of all, we have received support from the Department of 
Entomology, University of Kentucky, which is supporting 
our Executive-Secretary’s activities in the way of his own 
time, secretarial support, telephone and mailing expenses 
and the like. We have also established a permanent post 
office address which is tied in with the EPSCoR office so 
that our mail is picked up by them. We also now have a 
telephone number on our stationery by which people can 
reach the Academy, and Rod and I both have calling cards 
for promotion of the Academy. 

Nevertheless, in the long-run we see the need for a 
permanent office as one of our goals and objectives, and 
as a model for our growth we have chosen the Ohio Acad- 
emy of Science, a superb organization which has excellent 
permanent headquarters, has an ideal location close to a 
state university, has an excellent membership and Junior 
Academy program, and is making a remarkable contri- 
bution to the state of Ohio. By assistance from and asso- 
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ciation with this Academy and other academies in the 
region we believe that we can grow and reach a point 
where we can afford a permanent staff to administer to 
the increasing number of members and help achieve the 
many other goals and objectives which the Academy would 
like to achieve which are numerous and which I will en- 
large upon. 

In this regard, we have now received the following 
information from Mr. Ken Current who is the organizing 
and directing individual reporting to Mr. Scotty Baesler, 
Mayor of Lexington, and who is working on the establish- 
ment of a Kentucky World Trade Center. While plans are 
slow in forthcoming, it does seem quite likely that within 
the foreseeable future, funds will be made available for 
the formation of and construction of a building to house 
this World Trade Center for Kentucky. In fact, the World 
Trade Center concept is already in place, and in a modest 
way, is already in operation in Kentucky. 

When funds become available, and we understand there 
is every right to expect that they will become available, 
there will be a World Trade Center constructed and we 
have been assured that there will be offices made available 
to the Academy there. While we are not financially able 
to provide the full funding required to occupy this space, 
it does appear to both those involved in this program and 
ourselves, that the Kentucky Academy of Science will en- 
hance the image and prestige of the World Trade Center 
where many foreign visitors can note our presence, while 
also enhancing the image of the Academy by being an 
integral part of the World Trade Center. Furthermore, 
we believe that industrial and academic people coming 
from around the world when visiting that Trade Center 
will gain a greater recognition and understanding of the 
role of the Kentucky Academy in enhancing the well-being 
of the state. 

So we have made some progress in enhancing the rec- 
ognition of the Academy, increasing membership and in 
moving forward for a site for the Academy. 

Asa result of an increase in membership, the stabilizing 
of costs for the Transactions, the income from our annual 
meeting, and the support of our industrial and institutional 
affiliates, our financial situation looks very good. However, 
we feel that to become a recognized organization in the 
state, we will have to continue in this effort and target for 
a budget of income and expenses, perhaps something in 
the neighborhood of $40,000-50,000/yr. We are not too 
far from this income now. We believe that with such funds 
and perhaps some supporting funds from state and national 
government, that we can realize a permanent office and 
sufficient staff to handle all the rapidly increasing corre- 
spondence and activities that occur in an organization of 
our size. 

We also believe that with such a location, we would be 
able to really exercise our speakers bureau which has been 
lying dormant and this too would accelerate and enhance 
recognition in the state. 

In this regard, with regard to recognition, we should 
report to you too that we have had excellent recognition 
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from high levels in the state, from the government, su- 
perintendent of education, governor, and from many de- 
partments in the government. We now also have members 
that are top executives in our key industrial companies in 
the state, as well as membership by leading educational 
presidents and officers of institutions, as well as outstanding 
scientists from these universities and colleges. So I believe, 
that again throughout the state there is a recognition that 
the Academy is making a real contribution, and through 
education as well, and therefore, should be even more 
fully supported. Certainly, the help and assistance we have 
received from all of the colleges and universities and the 
subsidizing of time and office expenses of our officers is a 
testimony to that recognition, and for that we would like 
to express appreciation to all these institutions both in- 
dustrial and academic. 

Another area where progress has been made is in the 
Transactions of the Academy. As I indicated to you last 
spring, there is a desire to improve the Transactions and 
we are seeking to do that in several different ways to 
increase our income so that we can produce perhaps a 
better journal and also to accelerate participation by all 
of the divisions. 

We have been discussing with top university presidents 
how we can get recognition for publications in the Acad- 
emy and they have outlined how this might be accom- 
plished. We feel we need to do several things to make it 
possible for one to obtain as much recognition in publishing 
in the Transactions as in any other journal and two, take 
steps to insure that there is broad coverage of biological, 
physical and social sciences and engineering within the 
journal. We think that this is quite possible and can be 
accomplished and we see in the coming years that this can 
be a continuing and increasing contribution to the role of 
science and technology in the state. 

To this end, we have appointed an ad hoc committee 
under the direction of our Associate Editor, Dr. John Reilly 
from Western Kentucky University to assist our Editor, 
Dr. Branley Branson to direct attention as to how the 
journal might be improved, to review how other acade- 
mies, of which there are 44, publish their results, what 
their problems and successes are, and what we can do here 
to enhance the appearance and the scientific recognition 
of our journal. So we ask all of you to participate in several 
ways to volunteer papers, to provide referees for peer 
review, and also suggest acceptable referees from outside 
the state who by their contribution can further enhance 
the recognition and prestige in the state 

I would like to report to you that our efforts to increase 
industrial participation also led in a slightly different way 
as we argued for the importance of the Academy, We 
would like to report to you that we now have an active 
engineering section and you will note in the program that 
many actual contributions have already been made by 
them. We have also initiated a Library Information Sci- 
ence Section and a Life Sciences Section and we believe 
these will give new directions to the Academy and also 
increase membership and make our Academy even more 
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exciting, We also have had much interest and have been 
giving consideration to the formation of an Agricultural 
Science Section and I think in the coming year this too 
will become a reality 

We should report to you that the EPSCoR program is 
moving along very well and is getting great recognition 
not only within the state but the NSF program nationwide 
I think it is becoming a model of success. We are getting 
good support and we expect to have support from industry 
as well, although this has been slow in forthcoming. The 
EPSCoR programs have done very well and we hope to 
see within the next year now, since it will be our third 
year, some of our researchers reach national recognition 
and prominence. We think this is just another area in which 
the total effort of the state of Kentucky to increase rec- 
ognition for science and technology is being achieved and 
we hope that it continues. We must comment that we have 
not had great success this past year in interacting with 
government as we had previously with Lt. Governor Steve 
Beshear, but we have been working on it and perhaps over 
the coming year, we will have more success in this area. 

Ishould report to you that the Academy has now become 
recognized by many who previously questioned whether 
the Academy represented first-rate scientists. This is now 
rapidly changing and we are seeing an increasing number 
of members applying for membership coming from our 
universities which are able to undertake large-scale re- 
search. We think this is a good sign. It is interesting to 
note that many participants in the EPSCoR program who 
are recipients of EPSCoR assistance, and who by count 
last fall were only 10 or 11 out of 115 by last count, have 
now also begun to sign up for membership also. As a result, 
we expect that by the end of this year a goodly portion 
of the EPSCoR recipients will be members of the Acad- 
emy. In turn, we hope that they will present some of their 
papers at these annual meetings and in the Transactions, 
as it is well-known that the Kentucky Academy by its 
activities had a major role to play in targeting for this 
particular incentive program. 


1985 
Year 
? 1989 Targeted 


1986 


I am pleased to report to you that the Junior Academy 
is doing very well and we are very proud of their accom- 
plishments. We recognize that although they have an ex- 
cellent program, it is limited in participation due to the 
inability of the Academy to take on greater administrative 
or financial responsibility. We have suggested to the di- 
rector of the Junior Academy, Pat Stewart, that we begin 
to search for NSF funds which would allow us to expand 
the operation of the Junior Academy much as has been 
done in Ohio. While there are, as I reported in my previous 
letter, some 400 junior and senior high schools and private 
secondary schools in the state, the Junior Academy has 
only been able to reach some 15 or 20 junior and senior 
highs and while the program is very impressive and the 
results excellent, this is seen as a tremendous opportunity 
for the Academy in the coming years to accelerate the 
educational interest of our young people in science and 
technology. I would recommend to all of you to attend an 
annual meeting of the Junior Academy and to feel the 
excitement and the enthusiasm of our young people. 

As a matter of fact, I have a feeling that, because Ken- 
tucky is a “johnny-come-lately” in this scientific activity 
relative to most of the other states as confirmed by the 
EPSCoR program, that perhaps a surge of team spirit or 
a surge of spirit of the entire state, if truly unleashed 
scientifically, could turn out to accelerate and place the 
state in a leading position in a few years because the young 
are new, fresh and full of ideas and energy, and have a 
desire to succeed. 

With regard to the constitution, after one year of learn- 
ing how to work with it, I personally feel that it is a great 
step forward. It is easy to know who is going to do what 
and how to go about doing it and I for one, wish to again 
thank the committee of Rodriguez, Boggess and Schwartz 
for putting together an excellent document and for the 
efforts of Giesmann, Covell and Winstead who initiated 
this effort to bring about the rewriting of the constitution 
and getting it approved. Obviously, there will be some 
minor corrections to be made in the days ahead, but over- 
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all, I think that it has greatly strengthened the Academy, 
and made it easier to operate and places emphasis on a 
broader spectrum of members. 

This year we were able to complete design of a new 
certificate of membership, completed the artwork, had it 
printed and sent copies of these certificates to each mem- 
ber with their name inscribed in beautiful calligraphy by 
Varley Wiedeman and signed by your President and Ex- 
ecutive-Secretary. It was a much more difficult task than 
originally anticipated, but from all accounts and reports, 
it has been well worth the while. For those of you who 
may not have received your certificate and wish to frame 
it, and/or for those who may have received it and inad- 
vertently misplaced it, we can make another copy and we 
would be delighted to do so if you will promise to display 
it with pride in your office. I might add that a frame for 
it might cost no more than $15-20. We toyed with the 
idea of having it framed but decided expenses were a little 
too great. Nevertheless, we think this recognition of your 
membership should be another incentive to join the Acad- 
emy. 

With review of accomplishments, I would like to point 
out that a President’s job is never-ending and that there 
is much to do if we are to continue to enhance the con- 
tributions, the activities and the recognition of the Acad- 
emy. 


FuTURE NEEDS 


lam going to briefly list some of the areas for improve- 
ment and raise the question, “Will you volunteer to help?” 
Some additional areas that need attention: 


Continued membership growth. 

Establish a permanent home for the Academy 

. Increase government and industrial science partici- 
pation, support and recognition. 

4. Further improve the Transactions of the Kentucky 

Academy of Science. 

5. Increase the financial resources of the Academy. Bet- 

ter impact on the well-being of the state. Enhance 

education and support for education, both at the grad- 

uate and undergraduate level; high school and middle 


Co bo 


school. 
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Sections 

Anthropology 5 Sociology 5 
Botany & Microbiology 121 Zoology and Entomology 141 
Chemistry 100 Computer Science n 
Geography 23 Mathematics 25 
Geology 43 Engineering 28 
Physics K<) Library & Information 
Physiology, Biophysics, Science a1 

Biochemistry and Pharmacology 80 —_ Health Sciences 13 
Science Education 38 
Physchology 24 


6. Intensify the activities of the Junior Academy. 


7. Achieve sufficient financial resources so as to provide 
clerical help for our President, Secretary and Execu- 
tive-Secretary. 

8. Issue a Newsletter four times a year 

9. Seek more active volunteers. 

10. Seek broader range of articles in biological, physical 
and social sciences and engineering (a better mix). 

11. Have refereed articles with out-of-state referees and 

more enticing outward appearance 

12. Reactivate political activities 

13. Better press coverage so as to get more visibility for 

the Academy. 

14. Improve our financial records and make an audit this 

coming year. 

15. Initiate a Collegiate Academy 


All things considered, I believe the Academy is doing 
very well and is continuing to grow, both in terms of 
scientific activity as witnessed by our latest annual meeting 
and all the excellent papers being given and by the growth 
in membership, by the interest of industrial and govern- 
mental scientists and by the increasing activities of our 
Junior Academy, as well. I think we are living up to the 
objectives of our founding fathers and I have been quite 
honored and feel very privileged to have been your Pres- 
ident for this year. 

This then summarizes what has been going on in your 
Academy this year and I would like to recognize and 
express deep thanks for the contributions of all of our 
officers and members of our Governing Board, and the 
chairs of our committees for their untiring and unselfish 
effort. In particular, I would like to recognize our secretary 
Varley Wiedeman for this tremendous effort, taking on 
this assignment this year. I would like to commend and 
thank him for all the things he and his wife have done 
this year including the calligraphy on all of our member- 
ship certificates. I'd also like to express appreciation to his 
wife, who has helped him so much and who has had such 
an understanding sympathy for his long hours. 

I would also like to take this opportunity to express 
appreciation to Rod Rodriguez for the tremendous help 
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from him this year, for his counsel, wisdom and under- 
standing, and for his burning drive and desire to see the 
Academy grow and prosper. Without his help I would 
have had a very difficult time and I can tell you that he 
has made a wonderful contribution, as has the Department 
of Entomology in making his services available to us, as 
well as secretarial help, duplication and operating expenses 
and the like. To Bobby Pass, Chairman of that department, 
I also express our thanks. 

I'd also like to take this opportunity to express our thanks 
to three members who are going off the board this year 
Namely, your Past President, Dr. Larry Giesmann, who 
did such an outstanding job last year and was most helpful 
to me and to Dr. William Beasley from Paducah College 
and Dr. William Bryant, Thomas More College, for their 
help, support and guidance over these past four years. By 
the same token, I'd like to welcome our new governing 
board members and congratulate all of them on their elec- 


tions. 
I'd also like to thank President Funderburk and the 


University for hosting us and the fine reception we have 
received here. Equally importantly, I'd like to express my 
thanks and gratitude of the members, to Bob Creek and 
his committee for putting on a grand show. It has been 
and continues to be enjoyable. Thanks so much Bob, and 
please thank all of your associates for us. 

I cannot go without saying that I also wish to express 
my deep felt thanks to Ashland Oil for permitting me to 
undertake this assignment, which turned out to require a 
lot more of my time and energy than I had anticipated, 
for underwriting many of the expenses connected with 
this office, and in particular, for providing me with a won- 
derful secretary, Mrs. Pam Bowling, without whose help 
I would have been handcuffed and hog-tied. She made 
communication so easy that I almost thought I was good 
at it. 

And now it gives me great pleasure to turn over the 
gavel to my good friend and hard-working governmental 
scientist, Mr. Richard Hannan. Would you join me in 
welcoming him and wishing him much fulfillment in the 
coming year. 


1988 AcTIVITIES—SUMMARY 
The following are the highlights of our activities this 


year: 


I. Academy membership up from 600 to 750 
Industrial members up from 14 to 48 


I. 


HI. 


Vi 


VIL. 


VILL 
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Government members up from 19 to 38 
Institutional affiliates up from 18 to 24 
Industrial affiliates up from 3 to 5 
Financial balance end of year good shape 
Constitution in place 
Governing Board—working well 
Executive Secretary—very helpful 
Balanced Board 
Biological, Physical and Social Sciences 
Executive Committee—working very well 
Section Increases 
Engineering Section activated 
Information Science Section added 
Life Sciences Section added 
Agricultural Science Section planned 


’. Membership certificates issued 


Very enthusiastic reception 


. Transactions of the Academy 


Allen Press working well 
Broader Editorial Board 
Ad hoc committee formed to help further 
improve 
Newsletter—three issues. Will get better 
Annual meeting 
Excellent participation 
EPSCoR program in third year—doing well 
Industrial Sector 
Beginning to help 
Recognition of Academy 
Many new high level members 
Kentucky Junior Academy 
200 members 
15 high schools and junior highs very active 
Interaction with 41 schools 
Has great potential for future growth 


and to help intensify science and mathematics 


education in the state 


. Permanent home for the Academy 
World Trade Center at Lexington—looking good 
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NEWS AND COMMENTS 


ANNUAL MEETING 


The Diamond Anniversary (75th) meeting 
of the Kentucky Academy of Science will be 
held in the Student Center of the University 
of Kentucky Thursday, 16 November-Satur- 
day (noon), 18 November 1989. A reception is 
being planned at the Faculty Club for Thurs- 
day evening and the banquet will be held at 
the Radisson Hotel on Friday evening. The 
1990 meeting will be held at Northern Ken- 
tucky University (more details later). 


AMERICAN REGISTRY OF 
PROFESSIONAL ENTOMOLOGISTS 


The Ohio Valley Chapter of the American 
Registry of Professional Entomologists will host 
the Annual Student Paper Presentation Com- 
petition on 11 April 1989 at Ball State Uni- 
versity. Additional information may be ob- 
tained from Dr. Curt Wilson, Department of 
Entomology, Purdue University, Indiana. 
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Instructions for Contributors 


Original papers based on research in any field of science will be considered for publication in 
the Transactions. Also, as the official publication of the Academy, news and announcements of 
interest to the membership will be included as received. 


Manuscripts may be submitted at any time to the Editor. Each manuscript will be reviewed by 
one or more persons prior to its acceptance for publication, and once accepted, an attempt will 
be made to publish papers in the order of acceptance. Manuscripts should be typed double spaced 
throughout on good quality white paper 8% x 11 inches. NOTE: For format of feature articles 
and notes see Volume 43(3—4) 1982. The original and one copy should be sent to the Editor and 
the author should retain a copy for use in correcting proof. Metric and Celsius units shall be used 
for all measurements. The basic pattern of presentation will be consistent for all manuscripts. 
The Style Manual of the Council of Biological Editors (CBE Style Manual), the Handbook for 
Authors of the American Institute of Physics, Webster’s Third New International Dictionary, and 
a Manual of Style (Chicago University Press) are most useful guides in matters of style, form, and 
spelling. Only those words intended to be italicized in the final publication should be underlined. 
All authors must be members of the Academy. ' 


The sequence of maierial in feature-length manuscripts should be: title page, abstract, body of 
the manuscript, acknowledgments, literature cited, tables with table headings, and figure legends 
and figures. 


1. The title page should include the title of the paper, the authors’ names and addresses, and 
any footnote material concerning credits, changes of address, and so forth. 


2. The abstract should be concise and descriptive of the information contained in the paper. It 
should be complete in itself without reference to the paper. 


3. The body of the manuscript should include the following sections: Introduction, Materials and 
Methods, Results, Discussion, Summary, Acknowledgments, and Literature Cited. All tables and 
figures, as well as all literature cited, must be referred to in the text. 


4. All references in the Literature Cited must be typewritten, double spaced, and should provide 
complete information on the material referred to. See Volume 43(3—4) 1982 for style. 


5. For style of abstract preparation for papers presented at annual meetings, see Volume 43(3- 
4) 1982. 


6. Each table, together with its heading, must be double spaced, numbered in Arabic numerals, 
and set on a separate page. The heading of the table should be informative of its contents. 


Each figure should be reproduced as a glossy print either 5 x 7 or 8 x 10 inches. Line drawings 
in India ink on white paper are acceptable, but should be no larger than 84% x 11 inches. Pho- 
tographs should have good contrast so they can be reproduced satisfactorily. All figures should 
be numbered in Arabic numerals and should be accompanied by an appropriate legend. It is 
strongly suggested that all contributors follow the guidelines of Allen’s (1977) “‘Steps Toward 
Better Scientific Illustrations’ published by the Allen Press, Inc., Lawrence, Kansas 66044. 


The author is responsible for correcting galley proofs. He is also responsible for checking all 
literature cited to make certain that each article or book is cited correctly. Extensive alterations 
on the galley proofs are expensive and costs will be borne by the author. Reprints are to be ordered 
when the galley proofs are returned by the Editor. 
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Survival of Stored-product Coleoptera on 
Fungi Used as Alternate Food 


N. SHAYESTEH,! C. G. PATTERSON, M. F. Potts, AND J. G. RODRIGUEZ 


Department of Entomology, University of Kentucky, Lexington, Kentucky 40546-0091 


ABSTRACT 


Five stored-product Coleoptera, Ahasverus advena (Waltl), Cryptolestes pusillus (Schonherr), Sitophilus 
oryzae (L.), Sitophilus zeamais Motschulsky and Oryzaephilus surinamensis (L.) were challenged with 23 
selected fungi in monoxenic culture. The fungi included 9 species and 2 strains of Aspergillus, 7 species of 
Penicillium, 4 species of Fusarium and | species of Claviceps. Some species/strains were mycotoxin producers. 
The beetles varied in reaction to the fungal diet. Ahasverus advena was generally tolerant of diets, but 
Aspergillus clavatus proved toxic with survival down to 2% in 3 weeks; C. pusillus was more susceptible to 
fungal toxicity than A. advena and acute toxicity again resulted from the A. clavatus diet. The Sitophilus 
weevils were almost completely decimated in 3 weeks by most fungi. Although O. surinamensis was 
intermediate in its diet response, it also suffered acute toxicity by A. clavatus. The species/strains that were 
best utilized as alternate food were those that do not produce mycotoxins. Ahasverus advena was clearly 
the most tolerant of the beetles to the fungal diets. A corollary study involving Araecerus fasciculatus (De 
Geer), fed freeze-dried fungal diets, showed that this beetle was quite tolerant of the same fungi utilized in 


the main study 


INTRCGDUCTION 


The area of stored-product ecology deserves 
critical basic studies, in part because of the 
importance of the arthropod-fungi relation- 
ships that prevail in many situations with stored 
cereals, grains, or other commodities. Infes- 
tations of fungi and arthropods in such storages 
often lead to deterioration of the commodity 
(1). There is another facet to the problem, that 
of mycotoxin production by some species or 
strains of fungi. The metabolites can be acutely 
toxic or carcinogenic to higher animals. More- 
over, arthropods may have a role as mobile 
sources of such fungal metabolites. They serve 
to disseminate fungal spores by mechanical 
transmission or by the introduction of viable 


1 Present address: Department of Entomology, Univer- 
sity of Urmia, Urmia, Iran. 


spores in excreta (2, 3, 4). In previous studies 
with a limited number of fungal cultures, Ro- 
driguez et al. (5) showed that the flat grain 
beetle, Cryptolestes pusillus (Schonherr), was 
less able to survive and reproduce when in 
contact with certain fungi than was the foreign 
grain beetle, Ahasverus advena (Waltl). In 
that study, C. pusillus did not survive exposure 
to Aspergillus ochraceus, but A. advena was 
not adversely affected. 

It was important to expand and refine our 
previous studies (5), by utilizing a more com- 
prehensive spectrum of fungi. The immediate 
objective was to examine the response of 5 
stored-product Coleoptera, A. advena, C. pu- 
sillus, Sitophilus oryzae (Linnaeus), the rice 
weevil, Sitophilus zeamais Motschulsky, the 
maize weevil, and Oryzaephilus surinamensis 
(Linnaeus), the sawtoothed grain beetle, when 
introduced to selected fungi in monoxenic cul- 
ture. 
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Fics. 1, 2. Survival, with SE, of Ahasverus advena chal- 
lenged with selected NRRL fungal species/strains after 1 


week of feeding (Fig. 1, above) and after 3 weeks of 
feeding (Fig. 2, below). 


METHODS AND PROCEDURE 


Some 23 selected fungi, characterized by the 
Northern Regional Research Center (NRRL), 
ARS, USDA, Peoria, Illinois, were obtained with 
the cooperation of D. T. Wicklow. The fungi 
were cultured monoxenically in 50-ml flasks 
containing 20 ml of sterile malt-extract agar 
at 27°C plugged with cotton. Each test con- 
sisted of 5 such flasks inoculated with a specific 
NRRL fungus (Table 1). The adult beetles, 7- 
10 days old, were collected from stock cultures 
of known age. The beetles were surface ster- 
ilized by washing for 2 min in a 2% formalin 
solution, collected on filter paper, rinsed well 
with sterile distilled water and air dried. Active 
beetles were transferred to the fungal cultures, 


TABLE | 
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produced 


NRRL fungi utilized as food in monoxenic cul- 
ture for 5 species of stored-product beetles, and mycotoxin 


NRRL 


species/strain 


Mycotoxin produced 


410 Aspergillus ochraceus ochratoxin (N.T.)* 
1957 A. flavus aflatoxin (N.T.)? 
2327 A. fumigatus quinones 
2999 A. parasiticus aflatoxins, high G, 
3174 A. ochraceus ochratoxin 
3251 A. flavus aflatoxin, med. B, 
3357 A. flavus aflatoxin, high B, 
3499 A. versicolor sterigmatocystin 
5520 A. flavus aflatoxins 
5890 A. clavatus cytochalasins 
6499 A. nidulans sterigmatocystin 
1270 Claviceps purpurea ergot alkaloids 
3299 Fusarium tricinctum T-2 toxin 
3510 F. sporotrichioides aleukia 
3511 F. sporotrichioides aleukia 
5864 F. roseum zearalenone 

933 Penicillium terrestre 
1002 P. claviforme 
1036 P. islandicum luteoskyrin 
1843 P. citrinum citrinin 
1887 P. fellutenum carolic acid 
1952 P. urticae patulin 
3290 P. rubrum rubratoxins 
Blank control 

* Non-toxigenic strain; mycotoxin not detected 


10 beetles per flask, when 95 to 100% of the 
surface of the fungal cultures was covered with 
mycelium. An agar medium control was used 
in each experiment and all experimentation 
was conducted at 27°C and 80% relative hu- 
midity (RH). Observations were made weekly. 

A corollary study with Araecerus fascicu- 
latus (De Geer), the coffee bean weevil (CBW), 
was also conducted. This stored-product beetle 
is limited in its range to the southern latitudes 
where it may attack stored corn, green coffee 
and perhaps other commcedities (6). A meridic 
diet developed by Rodriguez et al. in 1976 (7) 
minus mold inhibitor was used to culture the 
fungi. The diet (5 ml) was offered aseptically 
in 4-dram glass vials, plugged with sterile cot- 
ton. The vials were inoculated with the same 
fungi listed in Table 1. After fungal growth 
the diets were freeze-dried then hydrated at 
80% RH for 4 days. After conditioning, 45 vials 
were individually inoculated with 1 surface- 
sterilized CBW egg per vial and allowed to 
develop at 27°C and 80% RH. The experiment 
was terminated after the first beetle emerged 
from each treatment and observations were 
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Fics. 3, 4. Survival, with SE, of Cryptolestes pusillus 
challenged with selected NRRL fungal species/strains af- 
ter 1 week of feeding (Fig. 3, above) and after 3 weeks 
of feeding (Fig. 4, below). 


made on the status of development for the 
remaining individuals. 


RESULTS AND DISCUSSION 


Nine species and 2 strains of Aspergillus, 7 
species of Penicillium, 4 species of Fusarium 
and 1 species of Claviceps were in the selected 
NRRL list studies (Table 1). 

Critical observations were made at weekly 
intervals for 3 weeks and the results are pre- 
sented in bar graph form to show adult survival 
at 1 and 3 weeks after introduction of the bee- 
tles to the fungal cultures (Figs. 1-10). Obser- 
vations were not made beyond this time. 

When examined for survival after 1 week 
of the fungal culture diet, it was found that A. 
advena was relatively tolerant; however, the 
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Fics. 5,6. Survival, with SE, of Sitophilus oryzae chal- 
lenged with selected NRRL fungal species/strains after 1 
week of feeding (Fig. 5, above) and after 3 weeks of 
feeding (Fig. 6, below) 


acute toxicity of Aspergillus clavatus (NRRL 
5890) was evident as survival was less than 24% 
at this time (Fig. 1). By the end of the third 
week survival had decreased to 2% (Fig. 2). 
Cryptolestes pusillus was much more sen- 
sitive to the various fungi than A. advena. Acute 
toxicity again resulted from an A. clavatus diet 
(resulting in zero survival) and less than 10% 
survival on A. flavus, A. parasiticus, A. ochra- 
ceus, and A. versicolor (NRRL 1957, 2999, 
3174, and 3499, respectively) while 12 to 20% 
survival occurred in A. flavus, A. nidulans, F. 
tricinctum, P. claviforme, P. fellutenum, and 
P. rubrum (NRRL 3357, 6499, 3299, 1002, 
1887, and 3290, respectively) (Fig. 3). This 
beetle species suffered a rapid decline by the 


142 


S. ZEAMAIS — 1 WEEK 


100 


PERCENT SURVIVAL 


S. ZEAMAIS — 3 WEEKS 


100 


PERCENT SURVIVAL 


NRRL FUNGI 


Fics. 7,8. Survival, with SE, of Sitophilus zeamais chal- 
lenged with selected NRRL fungal species/strains after 1 


week of feeding (Fig. 7, above) and after 3 weeks of 
feeding (Fig. 8, below) 


end of the third week, with only those beetles 
reared on cultures containing A. ochraceus, 
Claviceps purpurea, P. citrinum, and F. spo- 
rotrichioides (NRRL 410, 1270, 1843 and 3510, 
respectively) surviving in the 14 to 40% range 
(Fig. 4). 

Sitophilus oryzae was not challenged with 
P. urticae (NRRL 1952) and data are lacking. 
Acute toxicity was demonstrated by F. spo- 
rotrichioides, F. tricinctum, and A. versicolor 
(NRRL 3511, 3299, and 3499, respectively) 
after 1 week (Fig. 5). However, quite drastic 
results in survivorship were experienced after 
3 weeks with all fungi except F. sporotrich- 
ioides (NRRL 3510) showing toxicity (Fig. 6). 

Sitophilus zeamais survivorship was rela- 
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Fics. 9,10. Survival, with SE, of Oryzaephilus surinam- 
ensis challenged with selected NRRL fungal species/strains 
after 1 week of feeding (Fig. 9, above) and after 3 weeks 
of feeding (Fig. 10, below). 


tively high at 1 week, with only F. sporotrich- 
ioides (NRRL 3511) causing severe toxicity 
(Fig. 7). As was the case with S. oryzae, there 
was a sharp decline in survival by the end of 
the third week with the majority of the fungi 
causing almost complete decimation of the 
beetles (Fig. 8). The interesting note here is 
that S. oryzae and S. zeamais both were acute- 
ly sensitive to F. sporotrichioides (NRRL 3511) 
and both were quite tolerant to F. sporotrich- 
ioides (NRRL 3510). 

Oryzaephilus surinamensis showed an in- 
termediate survival response. Although a num- 
ber of fungi caused survival to be 20% or less, 
a larger number were responsible for a 60% or 
higher survival at 1 week (Fig. 9). At 3 weeks, 
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however, the survival picture had changed so 
that only a few fungi permitted survival of 
over 30% (Fig. 10). 

Acute toxicity overcame A. advena, C. pu- 
sillus and O. surinamensis, affected by A. cla- 
vatus (NRRL 5890), as were S. oryzae and S. 
zeamais, killed by F. sporotrichioides (NRRL 
3511). On the other hand, the “safest” fungi 
were generally those species/strains that do not 
produce mycotoxins, e.g., A ochraceus (NRRL 
410), A. flavus (NRRL 1957), and F. sporo- 
trichioides (NRRL 3510). Insofar as the tol- 
erance of these Coleoptera to the fungi is con- 
cerned, A. advena is easily distinguishable 
above the rest as the most tolerant, to the fungi, 
as this beetle apparently fed and survived on 
most fungi after 3 weeks (Fig. 2). The re- 
mainder of the beetle species were tolerant of 
only a few fungi after 3 weeks of exposure 
(Figs. 2, 4, 6, 8, 10). 

The corollary study involving A. fascicula- 
tus, the coffee bean weevil (CBW), was note- 
worthy in that it demonstrated that the CBW 
was quite tolerant to fungi. The mean devel- 
opmental time for first emergence for the un- 
treated control was 38 days. Only P. islandi- 
cum (NRRL 1036) and A. versicolor (NRRL 
3499), however, could be classified as com- 
parable to the control. A number of Aspergillus 
fungi caused significant mortality, as did F. 
sporotrichioides. There is evidence that a high 
aflatoxin producer such as A. parasiticus 
(NRRL 2999) has adverse effects on develop- 
ment compared to other Aspergillus spp. that 
produce little or no aflatoxin (Table 2). 

Many arthropods thrive on a varied diet of 
natural foods. For example, some aphids al- 
ternate hosts and certain predatory insects and 
mites consume a variety of foods that appar- 
ently serve these arthropods well in obtaining 
an adequate diet (8). Some of these feeding 
strategies are of great benefit to the organism, 
as is the case with some phytoseiid mites that 
prey on spider mites, but can survive, and in 
some cases reproduce, on alternate foods of 
plant nectars, insect honeydew, but especially 
pollens (9, 10). When larvae of the acarid Ty- 
rophagus putrescentiae Schrank were exposed 
to many of the same fungi (Table 1) they dem- 
onstrated marked differences in tolerance or 
susceptibility to the fungi or their mycotoxin, 
indicating that fungal spores are utilized by 
this mite species as food (11). This species is 
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TaBLE 2. Development of Araescerus fasciculatis on 
conditioned meridic diet used to culture NRRL fungi and 
to rear A. fasciculatus (N = 45). (Pharate adults were 
considered adults. ) 


First 
emer- Percent 
gence- 
days Adults Pupae Larvae — Mortality 
Aspergillus 
410 87 49 24 7 20 

1957 43 24 27 18 31 

2327 40 31 29 2 38 

2999 44 15 18 29 38 

3174 37 40 36 9 15 

8251 43 28 36 29 3 

3357 39 13 47 23 Li 

3499 38 51 33 9 7 

5520 34 23 47 19 ll 

5890 40 40 15 29 16 

6499 39 40 36 4 ll 
Claviceps 

127 40 36 33 27 4 
Fusarium 

3299 4] 24 43 22 ll 

3510 39 8 36 45 ll 

3511 39 15 11 51 23 

5864 42 ll Li 49 23 
Penicillium 

933 43 17 29 47 ff 

1002 42 36 29 17 18 

1036 39 60 27 13 — 

1887 39 9 47 38 6 

1952 42 9 20 53 18 

3290 39 vi 49 33 al 
Control 38 53 29 14 


found infesting livestock feed concentrates, 
some processed foods, and out-of-condition 
grains (11). In the Coleoptera, A. advena ap- 
parently has proven itself suited for fungal as- 
sociation as indicated by its development in A. 
amstelodami and P. citrinum (12); A. repens, 
A. chevaliari, and A. conicus (13) and as shown 
by these studies. Both ochratoxin producing 
and non-toxigenic strains of A. ochraceus are 
relatively safe as alternate foods, as are P. fel- 
lutenum and P. islandicum (Fig. 1). Even so 
CBW appears to be easily the most adapted 
beetle species to utilize fungi as food, as evi- 
denced by the few fungi that caused acute 
toxicity (Table 2). 
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Thermoregulation in the Dog-day Cicada Tibicen duryi 
(Homoptera: Cicadidae) 
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ABSTRACT 


Over an ambient temperature range in the field of 22-40°C, Tibicen duryi maintains an abdominal 


temperature between 26-37.5°C and a thoracic temperature between 27-39.5°C. Temperature regulation is 
accomplished by behavioral and physiological means. At low ambient temperatures the cicadas orient to the 
sun to maximize absorption of solar radiation. At high ambient temperatures they seek shade. At low humidity 
and high ambient temperatures in the field and in the lab, their body temperatures are depressed below 
ambient as a result of evaporative cooling. In a field experiment, cicadas denied access to water had higher 


body temperatures than cicadas that were allowed to feed. 


INTRODUCTION 


Numerous studies have demonstrated the 
ability of insects to regulate body temperature 
by behavioral means (1, 2) and by physiolog- 
ical means (3, 4). The ecological benefits of 
thermoregulation to insects are well estab- 
lished; it enhances important activities such as 
foraging (5) and mate acquisition (6). Despite 
the prevalence of thermoregulation among in- 
sects, it is generally assumed that evaporative 
cooling is not a feasible means of accomplish- 
ing body temperature control by these rela- 
tively small animals. This assumption is based 
on the fact that as body size decreases, the 
percentage of body water that must be evap- 
orated to maintain a constant body tempera- 
ture increases exponentially (7). Though a few 
authors have reported body temperature 
depression in insects as a result of evaporative 
water loss (8, 9), as a general rule this evapo- 
rative cooling can be utilized for only very 
short periods of time due to intolerable de- 
hydration (10). However, at least a few species 
of cicadas seem to violate this rule. 

Cicadas have been the subject of several 
studies of thermal relations (11, 12, 13, 14). 
Heath (11) showed that cicadas use helio- 
thermia to accomplish some degree of ther- 
moregulation. Josephson and Young (13) point- 
ed out that when bladder cicadas fly or sing, 
metabolic heat can elevate body temperature 
over ambient temperature. In a paper pre- 
sented at a meeting of the American Society 
of Zoologists, Kaser and Hastings (15) reported 
that, in the field, the dog-day cicada Tibicen 


duryi can depress body temperature below 
ambient. This body-temperature depression 
was presumed to result from evaporative water 
loss from the body surface. Toolson (14) dem- 
onstrated that the desert cicada, Diceroprocta 
apache, also exhibits evaporative cooling. 

Here I present evidence that T. duryi ex- 
hibits some degree of body temperature reg- 
ulation. Though much of this regulation is ac- 
complished by behavioral means, at high 
ambient temperatures body temperature is de- 
pressed by evaporative water loss. I present a 
variety of field and lab evidence to support this 
contention. 


MATERIALS AND METHODS 


I studied Tibicen duryi at 4 different field 
sites: in the San Mateo Mountains of central 
New Mexico; in the Black Range near Kings- 
ton, New Mexico; in the Burro Mountains near 
Silver City, New Mexico; and in the Chirica- 
hua Mountains of southeastern Arizona. All field 
sites were ridges or hillsides in pinyon-juniper 
woodlands. I conducted the studies in June and 
early July 1980-1984. I carried out lab studies 
in the lab of Eric C. Toolson at The University 
of New Mexico. The specimens I used in the 
lab were ones collected in the San Mateo 
Mountains. I studied these on the day of col- 
lection. 

In the field I obtained body temperatures 
using a model 524 hypodermic thermister probe 
and a telethermometer, both manufactured by 
Yellow Springs Instruments Company. I em- 
ployed the basic technique described by Heath 
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and Wilkin (12) to minimize the effects of sam- 
pling on body temperature. This technique in- 
volves capturing cicadas with an aerial net and 
inserting the thermister probe into them to a 
uniform depth. Care is made not to directly 
touch the cicadas. Body temperatures are re- 
corded only if they can be determined within 
10 sec of capture. The cicadas are released 
(apparently unharmed) after temperatures are 
taken. For each animal in the sample, I de- 
termined the thoracic and the abdominal tem- 
perature. For half of the cicadas in the sample, 
thoracic temperature was measured first; for 
the other half, abdominal temperature was 
measured first. The sample includes cicadas 
engaged in a variety of activities. For those 
cicadas that were on a perch when captured, 
I measured ambient temperature by placing 
the probe 1 cm above the cicadas’ perch. For 
cicadas captured in flight, | determined am- 
bient temperature by placing the probe in the 
shade of the nearest pinyon tree 1 m above 
ground. 

I determined the maximum thermal toler- 
ance of cicadas in the field by holding them 
on the surfaces of rocks that were exposed to 
direct rays of the sun. The restrained cicadas 
would constantly attempt to fly during the pro- 
cedure. At the point in time that their wing 
beats became weak or uncoordinated I tossed 
them in the air. If they could not fly effectively, 
I quickly retrieved them and obtained their 
thoracic temperature as described above. | as- 
sumed this thoracic temperature represented 
their upper thermal limit for flight. 

In the lab I exposed cicadas to a high am- 
bient temperature and two very different rel- 
ative humidities (30% and 98%) to determine 
the effect of evaporation potential on body 
temperature. I used a Queue (model 2540) en- 
vironmental chamber to control ambient tem- 
perature and humidity. I put a small potted 
pinyon tree in the chamber and allowed 2 hr 
for it to reach thermal equilibrium. I then 
placed cicadas on the tree and waited for 1 hr 
before measuring their body temperatures. I 
used the same basic method of sampling body 
temperatures as employed in the field 

I carried out a field experiment to evaluate 
the importance of hydration state and feeding 
to body temperature regulation. I tethered a 
group of 12 cicadas to dead pinyon tree 
branches on a hot afternoon for 3 hr. Since 
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these cicadas feed exclusively on the xylem 
fluid of pinyon pine trees, the tethered cicadas 
had no access to water. They were allowed 
freedom to move between shade and direct 
sun. Occasionally cicadas would fall off their 
branches, and I would quickly return them to 
their perch. At the end of the 3-hr period, I 
measured the body temperatures of the teth- 
ered cicadas. I also measured the body tem- 
peratures of a randomly selected control group 
of 24 non-tethered individuals collected in the 
same trees in which the experimental cicadas 
were tethered. I also weighed the tethered ci- 
cadas before and after the 3-hr period to obtain 
an estimate of their water loss rate. 


RESULTS 

Tibicen duryi is active in pinyon-juniper 
woodlands in June and early July. When sun- 
light is available in the study sites, tempera- 
tures in the immediate environment of the ci- 
cadas typically range between 22-38°C, 
occasionally going as high as 40°C. The rela- 
tionship between ambient temperature in field 
sites and body temperature in T. duryi is sum- 
marized in Figure 1. Points on the line graphs 
represent average body temperatures for a 
sample of individuals. The brackets enclose a 
range of + and — |] standard error. The line 
at which body temperature is equal to ambient 
temperature (the isothermal line) is also shown 
as a means for comparison. At low ambient 
temperatures thoracic and abdominal temper- 
atures are elevated 4-6°C above ambient. At 
very high ambient temperatures thoracic and 
abdominal temperature are depressed below 
ambient. At all ambient temperatures abdom- 
inal temperature is below thoracic tempera- 
ture. This sample consisted of 340 individuals. 

In the lab I exposed a group of 19 cicadas 
to an ambient temperature of 35°C at a relative 
humidity of 30%. After 1 hr in these conditions, 
the cicadas were found to have a mean thoracic 
temperature of 32.3°C (SE = 0.26) and a mean 
abdominal temperature of 32.3°C (SE = 0.044). 
Both thoracic and abdominal temperatures 
were significantly different from ambient tem- 
perature (thoracic: ]-tailed t = 103.84, P < 
0.0005, abdominal: 1-tailed ¢ = 61.36, P < 
0.0005). Though in the field thoracic temper- 
atures were almost invariably higher than ab- 
dominal temperatures, they were found to be 
equal in this lab sample. For another group of 


THERMOREGULATION IN Doc-Day CicaDA— Hastings 


6 cicadas, the environmental chamber tem- 
perature was kept at 35°C, but relative hu- 
midity was increased to 98%. After 1 hr all 6 
cicadas were found to have thoracic and ab- 
dominal temperatures equal to ambient tem- 
perature. Apparently when the potential for 
evaporating water from the body surface is 
eliminated, body temperature cannot be de- 
pressed below ambient temperature. 

Results of the field experiment suggest that 
cicadas must remain hydrated to depress body 
temperature below ambient. Cicadas tethered 
for 3 hr in dead pinyon branches at an ambient 
temperature of about 34°C (measured at the 
end of the experiment) were found to have a 
mean abdominal temperature of 33.76°C (SE 
= 0.64). The mean abdominal temperature of 
the control group was 32.56°C (SE = 0.40). 
The control group had a significantly lower 
mean abdominal temperature than the teth- 
ered cicadas (1-tailed t = 2.348, P < 0.025, N 
= 36). The tethered cicadas lost on the average 
29.5% of their body weight over the 3-hr pe- 
riod (SE = 2.3). 

The mean thoracic temperature at which a 
sample of 6 cicadas could no longer fly was 
found to be 41.1°C (SE = 0.52). This temper- 
ature is higher than any ambient temperature 
recorded in the field during this study, but it 
is only 4-5°C higher than ambient tempera- 
tures commonly encountered in oviposition sites 
and mating sites of these cicadas on a typical 
day. 


DISCUSSION 


The field body temperatures of T. duryi pre- 
sented above show a pattern of body temper- 
ature response to changing ambient temper- 
ature that is common among insects. By 
changing their position relative to the sun, these 
cicadas can control body temperature through 
modifying the amount of radiation they ab- 
sorb. When ambient temperatures are low they 
exhibit elevation of body temperature through 
heliothermia; when ambient temperatures are 
high they seek shade to minimize radiative 
heat loads. Discussion of this behavioral ther- 
mal regulation was not a major part of this 
paper simply because it is so ubiquitous among 
small poikilotherms. The focus of this paper is 
the body temperature depression that T. duryi 
exhibits at high ambient temperatures. This 
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thermoregulatory response makes this animal 
(and some of its relatives) unique. 

Tibicen duryi is active during the hottest, 
driest time of the year in the foothills of New 
Mexico and eastern Arizona mountain ranges. 
Though most arthropods that inhabit arid lands 
exhibit adaptations promoting water conser- 
vation, cicadas living in dry habitats have high 
cuticular water loss rates (14, 16). In fact, some 
cicadas display an active mechanism of cutic- 
ular water loss (16) that can result in a depres- 
sion of body temperature below ambient tem- 
perature. The evidence presented here suggests 
that T. duryi utilizes evaporative cooling. Body 
temperatures taken in the field consistently 
showed depression below ambient tempera- 
ture when ambient temperatures were high. 
Body temperature depression was also consis- 
tently observed in the lab at high ambient tem- 
perature and low humidity. Exposure to high 
relative humidity in the lab eliminated the 
body temperature depression by eliminating 
the potential to evaporate water from the body 
surface. As relative humidity in the field is 
typically below 25% when these cicadas are 
active, it is reasonable to assume that the po- 
tential for evaporative cooling generally exists 
in their natural environment. 

Cicadas are apparently unique among des- 
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ert insects in their ability to accomplish body 
temperature depression for prolonged periods. 
This is an adaptive temperature regulation 
strategy that is not feasible for most small des- 
ert dwellers because of the enormous expense 
in terms of water flux. However, cicadas are 
xylem feeders (17); they can tap into the vas- 
cular systems of plants and have an essentially 
unlimited supply of water at their disposal, 
even in environments in which no free water 
is available. Though these cicadas have access 
to an abundant water supply, their use of it 
for thermoregulatory purposes is costly in terms 
of time and effort spent replenishing their body 
water reserves. The results of my field exper- 
iment suggests that they must periodically feed 
to rehydrate and to retain the potential for 
body temperature depression. In the field I 
have observed that both males and females 
interrupt activities—such as singing, mating, 
and ovipositing—in order to feed. Behavioral 
censuses indicate that they spend about 30% 
of the daytime feeding, apparently to rehy- 
drate. This time spent feeding is time lost for 
other important activities, and can therefore 
be viewed as a cost of evaporative cooling. It 
is reasonable to assume that a characteristic as 
costly as evaporative cooling seems to be, must 
have associated with it some substantial adap- 
tive benefits. However, the fact that these ci- 
cadas are seldom exposed to intolerably high 
ambient temperatures makes the adaptive sig- 
nificance of evaporative cooling less than ob- 
vious. 

The work of Heath and Wilkin (12) provides 
one possible explanation for the adaptive ben- 
efits of evaporative cooling in these cicadas. 
They found that the desert cicada exhibited a 
nearly 10°C increase in thoracic temperature 
during a few minutes of flight. This body tem- 
perature elevation apparently resulted from 
metabolic heat production by the flight mus- 
cles. Tibicen duryi must fly when moving be- 
tween sites for feeding, mating, and oviposit- 
ing. They also use flight as a means of escaping 
their predators: birds, assilid flies, and wheel 
bugs. If these dog-day cicadas exhibit a similar 
obligatory body temperature elevation during 
flight, evaporative cooling, even at moderate 
ambient temperatures would be adaptive. 
Depression of body temperature would pro- 
vide a thermal buffer that would reduce the 
likelihood of endothermic overheating during 
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flight. I plan to investigate this question further 
in future studies of aridland cicadas. 

Another question I may investigate further 
is why field abdominal temperatures in these 
cicadas were so consistently lower than tho- 
racic temperatures. Differences in metabolic 
heat production or in absorption of radiation 
between these 2 body regions may be the un- 
derlying causes. However, if the temperature 
differences are at least partly due to differences 
in evaporative water loss from these regions, 
closer examination of this may help elucidate 
the mechanism that cicadas use to evapora- 
tively cool. 
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ABSTRACT 


Representatives of 44 genera and 56 species of basidiomycete fungi are discussed. Host habitats are 


indicated, along with each species’ potential for destructiveness in economically important trees. 


INTRODUCTION 


Massee (1) once estimated the losses in eco- 
nomic plants to various fungi to be at least 10 
billion dollars annually, and there is no reason 
to believe that such losses have decreased in 
the intervening 77 years. In the case of eco- 
nomically important trees, the loss is massive, 
approximately 45% of all losses of saw timber 
being attributable to various fungal diseases. 
The amount of timber lost is nearly equal to 
one-half the amount harvested (2). Fungi are 
exceptionally well-qualified for the rapid de- 
composition of cellulose and lignin, actually 
penetrating cell walls by means of their hyphae 
(2). The enzymes released by the hyphae cause 
digestive reactions to occur, mostly oxidative 
and hydrolytic in nature (3), that solubilize the 
wood. The breakdown products then pass 
through the cell walls of the fungus. Eventu- 
ally, the microscopic hyphae aggregate to pro- 
duce the more spectacular fungal forms that 
we recognize as mushrooms and encrusting or 
shelving fungi (4). This latter stage usually oc- 
curs after the fungus has passed through the 
branching and growth phase of its life cycle, 
ending in a metabolic transition and termi- 
nation of growth that results in the production 
of the fruiting body and sporulation. In some 
species this is only a matter of a few days, 
whereas in the case of heartrot fungi it may 
take decades (2). Most of the fungal species 
involved are, of course, saprophytes, but rel- 
atively few species are actually parasitic (5). 

In spite of the certain knowledge that most 
mature trees, including many commercial fruit- 
bearing species (6), are prone to infection by 
many kinds of fungi, no surveys have been 
undertaken to determine the occurrence of 
saprophytic and/or parasitic fungi in the Dan- 
iel Boone National Forest of Kentucky. Con- 
sequently, during the spring—fall season of 1987, 
I conducted regular field trips in various parts 


of eastern Kentucky in order to ascertain the 
occurrence of tree-inhabiting fungi. During one 
of these trips, I attempted to determine the 
incidence of infestation by means of a Wan- 
dering Quarter random sampling technique 
for 100 trees in the Berea Forest, 6.6 km east 
of Berea, SR 21, Madison County. The brief 
survey demonstrated that 46% of the trees had 
some form of fungi growing on them. Thus, it 
was obvious that the fieldwork would be lu- 
crative. Subsequent work resulted in the col- 
lection of representatives of 44 genera and 56 
species, all basidiomycetes. Some previously 
collected data from other areas are included. 

In my fieldwork, I excluded all purely 
ground-dwelling mushrooms and those grow- 
ing on logs in well-advanced stages of decom- 
position. The characters utilized in identifi- 
cation included the standard ones of 
morphology and color, spore prints and mi- 
croscopy, chemical reactions with KOH and 
Melzer’s Reagent, and ecological associations. 
The published works referenced in making di- 
agnoses were 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, and 20. 


COLLECTING SITES 


1. Old-growth trees on and around Eastern 
Kentucky University campus, Madison 
County, Kentucky. Mostly ash, tulip poplar, 
sycamore, sugar and red maple, elm, and 
pines. Various dates in 1987 (see below). 

2. Berea Woods, a “knobs” area 6.6 km east 
of Berea via SR 21, Madison County, Ken- 
tucky. The lower section of the area has 
deep, lignin-rich soils and shrubby under- 
growth, whereas the well-drained uplands 
have less soil and fewer shrubs. The forest 
consists primarily of hickories, maples, ash- 
es, tulip poplar, sweet gum, willows (along 
streams), oaks, some beech, and Virginia 


150 


Woob-ROTTING FUNGI IN KENTUCKY— Branson 


and white pines. Various dates in 1987 (see 
below). 

3. Marginal forest on bluffs of the Kentucky 
River near I-75 bridge, Madison County, 
Kentucky. The woods consist primarily of 
maples, black walnut, locusts, few pines, 
and sycamore. Various dates in 1987 (see 
below). 

4. $-Tree Recreation Area, Daniel Boone Na- 
tional Forest, Jackson County, Kentucky. 
This is a mixed hardwood-pine forest. 10 
August 1987. 

5. Red River Gorge area, Daniel Boone Na- 
tional Forest, from the Nada Tunnel (SR 
77) to a point 6.0 km eastward, Powell 
County, Kentucky. Various dates in 1987 
(see below). 

6. Big Hill, 16.4 km south of Kingston via U.S. 
421, southeastern Madison County, Ken- 
tucky. This large, steep hill has considerable 
lignin-rich soil, much downed timber and 
woody debris in various stages of decom- 
position, and heavy growths of ferns and 
mosses. Tulip poplar, maples and hickories 
dominate the woods with scattered stands 
of eastern hemlock and pines. Various dates 
in 1987 (see below). 

7. Stream-margin forest (Silver Creek) 7.0 km 
west of Richmond via Barnesmill Road, 
Madison County, Kentucky. Sycamore, ma- 
ples, willows, black walnut and hackberry 
dominate the woods. 23 June 1987. 


In addition to these sites, specimens collected 
during previous years at various sites are in- 
cluded in the discussion below. 


RESULTS 


All the species discussed below belong to the 
Basidiomycetes. Some of the forms, particu- 
larly those that cause sap and wood rots, are 
referred to by foresters as “slash fungi” (3) 
because they are often found on discarded tim- 
ber and debris and are considered beneficial 
because they reduce the debris to forest soils. 
However, as indicated below, many of these 
fungi are also often encountered on living and 
standing trees. Color photographs were exe- 
cuted of all the species reported here. 


Order Tremallales (Jelly Fungi) 


Three genera and 4 species of jelly fungi 
were collected. Members of this order are not 
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notorious tree-disease organisms (4) but they 
do play significant saprophytic roles in forest 
dynamics and are implicatable in the decay of 
stored timber that is repeatedly wet. 

Auricularia auricula (Hook.) Under. Abun- 
dant specimens were secured from a dead, fal- 
len Virginia pine at site 7 (7 July 1987), and a 
small colony was removed from a decorticated 
section of a living sycamore on the banks of 
Tates Creek, 4.3 km north of Richmond via 
SR 60, Madison County (9 August 1987). 

Calocera cornea (Pers.) Fr. Several colonies 
were found on an upright but dead sycamore 
at site 7 (7 July 1987). This and the next species 
are typical “slash” fungi that do not appear to 
attack living, unwounded trees. 

Calocera viscosa (Pers.) Fr. A small colony 
of this bright lemon-yellow fungus was re- 
moved from a dead conifer at Sky Bridge, Red 
River Gorge, Powell County, Kentucky (27 July 
1987). 

Tremellodendron pallidum (Schw.) Burt. 
Commonly called the jellied-base false coral 
(14), this species was common at site 2 during 
mid-July 1987. It has been reported from west- 
ern Kentucky (Land Between the Lakes) as T. 
schweinitzii (Peck.) Ath. (21), a synonym ac- 
cording to Lincoff (14). The fungus grows on 
woody debris and on the roots of trees in mixed- 
forest situations, where it may be incriminated 
as a wood-rotting damager of valuable trees. 


Family Coniophoraceae (Dry Rot Fungi) 


Representatives of this fungal family, which 
also includes the wet-rot organism Coniophora 
puteana (Schum.) Kar. as well as the species 
reported here, are doubtless cosmopolitan in 
America. Both species are economically im- 
portant, causing millions of dollars of damage 
each year. Wet rot attacks stored, wet timber 
as well as structural wood in houses and other 
buildings. Dry rot, reported below, is even more 
destructive since it can attack dry wood. Its 
runners can stretch out several meters in search 
of moisture, transporting water throughout the 
fungus. Dry rot is often encountered in base- 
ments, on foundations, on stored timber, and 
in similar situations. 

Serpula lacrimans (Fr.) Schroet. Two large 
colonies were found growing on stacked, rough- 
cut lumber in Deacon Hills Estates, Richmond, 
Madison County, Kentucky (3 August 1987). 
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Family Corticiaceae (Crust Fungi) 


Some members of this family are parasites 
of living trees, although most of them attack 
dead wood (14), often causing considerable 
losses. Two species are reported. 

Aleurodiscus oakesii (Berk. and Curt.) Hoeh. 
and Litsch. Two small colonies were found 
on the dead limbs of a living hophornbeam at 
site 1 (11 June 1987). 

Latidextum bicolor (Pers.) Lentz. Several 
small colonies were removed from debarked, 
dead black cherry trees at site 2 (15 July 1987). 


Family Hydnaceae (Tooth Fungi) 


More than a dozen genera, formerly all 
placed in Hydnum, are recognized in this fam- 
ily of peculiar fungi (14), most of which are 
poorly known in large expanses of America 
(11). Many of the species attack living trees, 
causing extensive heartwood damage. 

Hericium erinaceus (Bull.) Pers. A large 
bearded tooth was removed from a scarified 
white oak near Rock Bridge, Natural Bridge 
State Park, Daniel Boone National Forest, 
Powell County, Kentucky (23 August 1978). 
This large, beautiful fungus causes white rot 
in both red and white oaks (6, 11) and also 
attacks maples (7) and beech (14). Sundberg 
and Richardson (21) reported the species from 
western Kentucky, indicating that a related 
species, H. ramosum (Bull.) Letellier, also oc- 
curs in that region of the state. The latter species 
attacks poplars (7), maples, beech and birches 
(14). 

Hydnellum caeruleum (Horn.) Kar. Sey- 
eral specimens were collected from the un- 
derground roots of white pines at site 1 (16 
July 1987). 

Hydnellum ferrugipes (Fr.) Kar. Two large 
specimens of this orange-striped fungus were 
taken from the ground beneath ash trees at site 
1 (23 June 1987). 

Steccherim ochraceum (Pers.) S.F.G. Sam- 
ples from a large colony growing on a felled 
sugar maple ona hillside overlooking the Nada 
Tunnel (site 5) were collected (12 June 1987). 
This is a common slash fungus. 


Family Polyporaceae 
(Pore and Bracket Fungi) 
The members of this family are the major 
wood-rotting fungi in America (3, 4, 10). In 
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fact, it has been suggested that 15-20% of all 
standing timber in America is unusable be- 
cause of heartwood and other decay, more than 
90% of it being caused by bracket fungi (7). 
Several types of rot are actually involved. Heart 
rot, as the sobriquet implies, attacks the tech- 
nically dead heartwood hence the fungi in- 
volved are not classified as parasites, although 
a few species also attack living tissues. Such 
fungi weaken the strength of standing trees, 
allowing storms to wind-throw them (7). Sap 
rot usually occurs following the dying of trees, 
both standing and fallen. Recently felled tim- 
ber is often attacked by this type of rot (2), 
often resulting in considerable losses. Trametes 
and Trichaptum are two common culprits. 
Brown rots (10) are caused by fungi that digest 
cellulose but not lignin, which is left behind 
as a dark residue (3). White rot fungi, such as 
Pellinus and Oxyporus (2), digest both cellu- 
lose and lignin, causing massive loss of other- 
wise harvestable timber. Butt rots, like Phaeo- 
lus schweinitzii, are confined to the roots and 
bases of trees (2), whereas top rots, such as 
various species of Fomitopsis, attack the higher 
portions of trunks (7). Considered collectively, 
these fungi pose formidable threats to much 
of our standing and stored timber. During this 
survey, 20 genera and 23 species were col- 
lected. 

Bjerkandera adjusta (Fr.) Ryn. Overlap- 
ping clusters of many individuals were ob- 
served on locust trees growing at the upper 
end of Lake Wilgreen, Madison County, Ken- 
tucky (3 June 1987). This is a common white- 
rot fungus of hardwoods throughout America 
() 
Bondarzewia berkleyi (Fr.) Sing. Numer- 
ous specimens were collected from and around 
the base of large dead sugar maple at site 1 
(10 and 19 July 1987). The species is suspect 
of causing root rot. 

Caloporus dichromus (Fr.) Ryv. Numerous 
specimens were removed from a large dead 
tulip poplar at site 2 (15 July 1987). This is 
another slash fungus. 

Cryptoporus volvatus (Pk.) Hub. A single 
large veiled polypore was removed from the 
base of a white pine at site 1 (19 July 1987). 
This apparently benign delignifying fungus 
uses wood-boring beetles for transport from 
tree to tree (7). 

Daedalia quercina Fr. Several large spec- 
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imens were removed from a barkless dead ash 
tree in Deacon Hills Estates, Richmond, Mad- 
ison County, Kentucky (2 June 1987). Al- 
though this species is an important causative 
agent of brown heart rot (7), it also causes 
considerable damage to building timbers and 
stored wood products (6). 

Daedaleopsis confragosa (Fr.) Schroer. 
Several colonies were observed on dead sugar 
maple roots at site 1 (11 July 1987). This is a 
common delignifying sapwood rotter that at- 
tacks living and dead hardwood trees. 

Fomitopsis pinicola (Fr.) Kar. A single large 
specimen was removed from a living eastern 
hemlock near Nada Tunnel at site 5 (29 July 
1987). This important heartwood rotter occurs 
on both hardwoods and conifers (2). I have also 
found it on spruces in the Great Smoky Moun- 
tains. 

Ganoderma applanatum (Pers.) Pat. 
Abundant specimens were found on pignut 
hickories, oaks and beech trees at site 2 (15 
July 1987), and on honey locust trees at Fort 
Boonesborough State Park, Madison County, 
Kentucky (3 July 1987). This heartwood rotter 
also attacks birches, maples and poplars (6) and 
is extremely common throughout much of 
North America (2). 

Ganoderma curtisii Berk. One large spec- 
imen was removed from the base of a large 
red oak at site 1 (16 September 1987) and 
several were found on tulip poplars at site 6 
(2 July 1987). A common species in the south 
(14), this is a butt- and heartwood-rotting 
species. 

Ganoderma lucidum (Ley.) Kar. One large, 
over-wintered specimen of this highly var- 
nished conch was found at the base of a sugar 
maple at site 2 (13 June 1987). World-wide in 
distribution, the lin chin, an edible species, is 
a heartwood rotter but does not appear to be 
abundant enough in our area to cause large 
economic losses. 

Inonotus hispidus (Fr.) Fr. Abundant spec- 
imens were found on black locusts at sites 1 
(15 July 1987) and 2 (19 July 1987), and on 
the same host at Lake Wilgreen (26 July 1987), 
all in Madison County, Kentucky. 

Inonotus obliquus (Fr.) Pil. A few speci- 
mens were removed from an American elm at 
site 2 (6 June 1987). This does not appear to 
be a common species in eastern Kentucky. 

Ischnoderma resinosus (Fr.) Kar. One 
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fruiting body was found near the base of a 
large white oak at site 1 (22 June 1987), con- 
tinuing to grow there until well into fall. Al- 
though not commonly encountered in our area, 
the species causes serious delignifying rot in 
both sapwood and heartwood (7). 

Laetiporus sulphureus (Fr.) Murr. This 
species was very common at site 2 (3-19 Sep- 
tember 1987) on tulip poplar, hickory, oaks 
and beech. A few specimens were observed on 
beeches at site 5 (6 June 1987) and on hickories 
at site 6 (26 July 1987). This is the edible 
“chicken mushroom” or “sulphur shelf” that 
grows on a wide variety of both conifers and 
hardwoods (7). It is an extremely destructive 
fungus that causes carbonizing heart rot, rap- 
idly disintegrating wood to a brown powder. 

Lenzites (Geophyllum) betulina (Fr.) Fr. 
A small colony was located on a beech stump 
at site 1 (22 June 1987). This small, deligni- 
fying and shelving fungus is widespread. It also 
attacks oaks, willows, and many other hard- 
woods (7). 

Meripilus giganteus (Fr.) Kar. One large 
specimen was collected from a decaying stump 
at site 4 (10 August 1987), and several more 
were observed on tulip poplars at site 2 (3 
September 1987). This is principally a butt-rot 
fungus. 

Omnia tomentosa (Fr.) Kar. One specimen 
was removed from a large pine tree root at site 
1 (19 July 1987). A causative agent of white 
rot, this species’ impact upon forest trees has 
yet to be determined in Kentucky. 

Oxyporus populinus (Berk.) Donk. Two 
specimens were removed from large red ma- 
ples at site 1 (10 June 1987). This is a white- 
rot species that attacks several maples, often 
reducing the trees to mere shells of no com- 
mercial value (2). 

Phellinus igniarius (Fr.) Quel. Several 
specimens were removed from living maples 
in the Kentucky State Forest, Harlan County, 
Kentucky (19 November 1986). This species, 
and the next one below, both closely related 
to the vastly destructive P. chrysoloma (Fr.) 
Donk, are important white-rot fungi that often 
become economically impacting in forests (7). 
However, such pocket-rotted wood is often cut 
and marketed under trade names such as “drift 
wood” (2). 

Phellinus rimosus (Berk.) Pil. Virtually all 
large locust trees at site 3 (9 November 1987) 
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bore several to many specimens of this ubiq- 
uitous fungus. Similar infestations were also 
noted on the same tree species at the mouth 
of Lulbegrud Creek, Clark County, Kentucky 
(22 December 1986). The presence of these 
external conchs is an indication that extensive 
heart rot has already progressed (7). 

Schizopora paradoxa (Fr.) Donk. Many 
specimens were found on dead hardwood logs 
at site 4 (23 July 1987), and at the Central 
Kentucky Wildlife Area, Madison County, 
Kentucky (9 June 1986). This is a widespread, 
common slash rotter. 

Trametes versicolor (Fr.) Pil. This species 
was commonly encountered on fallen and 
standing hickories and tulip poplars at site 2 
(15 July 1987); on various fallen and standing 
trees at site 1 (16 June 1987); and at site 5 (9 
June 1987). Often referred to as the “turkey 
tail” fungus, this sap-rot species plays a ben- 
eficial role in reducing woody debris in forests, 
but it is often incriminated for destruction of 
logs that are being stored for extended periods 
of time and it is also an important decay fungus 
of hardwood products (2). 

Trichaptum abietinus (Fr. in Kl.) Ryv. A 
large colony was found on a firm white pine 
at the Eastern Kentucky University dairy farm, 
Richmond, Madison County, Kentucky (10 
June 1987). Logs are often entirely covered by 
this little polypore, usually being reduced to 
dust. This is an important decay fungus in stored 
logs. 

Trichaptum biformis (Fr. in KI.) Ryv. Col- 
onies completely covering hardwood logs were 
observed at site 2 (3 September 1987) and site 
7 (22 June 1987). This is a very common slash 
fungus but may be an important rotter of stored 
logs. 

Tyromyces chioneus (Fr.) Kar. A few 
clumps of this fungus were found on a downed 
hardwood log of indeterminate species at site 
2 (15 July 1987). This species appears to prefer 
oak, upon which it practices delignifying de- 
cay of the sapwood (7). 


Family Schizophyllaceae 
(Split-gill Fungus) 

Only 1 common and widely distributed 
species is included in this family (7). It occurs 
on a variety of hardwood hosts, being most 
common on oaks, where it produces white-rot 
decay. 
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Schizophyllum commune Fr. This pretty 
little fungus was common at sites 4 (23 July 
1986), 5 (9 June 1987), and 7 (3 July 1987). It 
does not appear to be economically important. 


Family Stereaceae (Parchment Fungi) 


This is one of the most important families 
of wood-rotting fungi, often causing consid- 
erable damage to structural timbers and to 
stored timber and lumber. Some species attack 
living trees. Representatives of 2 genera and 4 
species were collected. 

Stereum complicatum (Fr.) Fr. An enor- 
mous population, completely covering an oak 
log, was found in the Kentucky State Forest, 
Harlan County, Kentucky (4 November 1978). 
This, and the next species below, are the most 
commonly encountered members of Stereum 
in the United States (20). Both forms usually 
persist for several years on fallen limbs, logs 
and slash, although they often invade decor- 
ticated, standing trees as well. 

Stereum hirsutum (Wild.) $.F.G. This fun- 
gus was very common at most of the sampling 
stations at site 5 (29 July 1987). Often referred 
to as “false turkey tail,” this species prefers 
dead oaks as habitat (7). 

Stereum insignitum (Wild.). S.F.G. Two 
small colonies were found on pignut hickory 
logs at site 2 (15 July 1987). This attractive 
shelving fungus does not appear to be abun- 
dant in Kentucky woodlands. 

Xylobolus frustulatus (Pers.) Boid. Several 
small colonies were found on firm oak logs in 
Deacon Hills Estates, Richmond, Madison 
County, Kentucky (17 July 1987). Although 
not considered a dangerous wood rotter, this 
species may open the wood of stored logs for 
the invasion of more important secondary rot- 
ters. 


Family Cortinariaceae (Corts) 


The members of this large, diverse family 
are gill-bearing mushrooms that dominate 
many of the cool forests of America (7). Most 
of the brownish- to orangish-brown spored 
mushrooms grow on the ground, but the species 
discussed below is regularly found on logs and 
stumps. 

Gymnopilus spectabilis (Fr.) AHS. A small 
cluster of large individuals was found on a 
hardwood stump (probably sugar maple) near 
Sky Bridge, Red River Gorge, Powell County, 
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Kentucky (16 June 1987). This species is prob- 
ably a complex (12). Although saprophytic 
woodrotters, these fungi do not appear to cause 
much damage in forests. However, Gymno- 
pilus spectabilis produces hallucinogenic sub- 
stances, probably psilocybin and/or psilocin 
(22). 


Family Crepidotaceae (Creps) 


Some authors include the 2 genera reported 
here in the family Cortinariaceae (7), but Lin- 
coff (14) places them in the crep family be- 
cause of shared morphological features and the 
poreless and smooth spores. Four species are 
reported, all of them growing on wood. 

Crepidotus applantus (Pers.) Kum. A small 
colony was found near the base of a shagbark 
hickory located below the lodge at Natural 
Bridge State Park, Powell County, Kentucky 
(5 December 1983). Sometimes completely 
covering oak and other deciduous logs (13), 
this and the next species are considered as slash 
fungi with minimal economic importance. Ad- 
ditional specimens were observed on logs near 
Nada Tunnel at site 5 (12 June 1987) and site 
7 (7 July 1987). 

Crepidotus mollis (Fr.) Stde. A small col- 
ony was removed from a firm hackberry log 
at site 7 (23 June 1987), and a large colony was 
found on an oak log at site 2 (15 July 1987). 

Tubaria confragosa (Fr.) Kuh. A few spec- 
imens of this small reddish-brown mushroom 
were removed from a mulberry log at site 7 
(19 July 1987). 

Tubaria furfuracea (Pers.) Gill. Several 
beautiful and mature specimens were found 
growing on moss-covered, partially buried logs 
at site 5 (12 June 1987). This species sometimes 
produces very large fruitings on moist wood 


(7). 
Family Tricholomataceae (Trichs) 


This is the largest family of pale-spored, 
gilled mushrooms, including more taxonomi- 
cally recognized genera than any other family 
(7). Included here are many of the common 
woodland species that are regularly encoun- 
tered during the spring and summer months. 
Some of the species are virulent enemies of 
important forest trees and commercially valu- 
able fruit trees (3). 

Armillariella mellea (Vahl) Kar. Several 
large, thriving populations of the honey mush- 
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room were found growing at the base of oaks 
at site 2 (17 August 1987). Also called the 
“shoestring” fungus because of the black hy- 
phal cores (16) that penetrate into the soil and 
the roots of healthy trees (2, 21), this is prob- 
ably the primary fungal enemy of oaks in 
America (6) but the species also infects many 
other forest, shade and ornamental trees as well 
as orchard trees (3). 

The honey mushroom causes root rot. When 
healthy roots are encountered by the growing 
hyphae, penetration and death of the cambium 
often results, the hyphae continuing to grow 
into the cambium at the base of the trees. In- 
fection of additional trees in the vicinity occurs 
when infected and non-infected roots come 
into contact (2). Thin, chorotic crowns and ex- 
tensive resin production are symptoms of hon- 
ey mushroom infection, even in the absence 
of large, showy fruiting bodies. The honey 
mushroom is edible. 

Armillariella tabescens (Scop.) Sing. Abun- 
dant specimens were found growing on tulip 
poplar roots near the Nada Tunnel at site 5 
(12 June 1987). This species has requirements 
and effects similar to those of the honey mush- 
room (7). 

Cheimonophyllum candidissimus (Berk. 
and Curt.) Sing. A few of these small, white 
shell-shaped caps were removed from logs at 
site 7 (23 June 1987). This is a slash fungus. 

Clitocybe ectypoides (Pk.) Sacec. A few 
specimens were removed from decaying pine 
logs at site 2 (15 July 1987). Commonly and 
aptly called the wood clitocybe, this species 
appears to be restricted to coniferous hosts (22). 
It causes some minor decay of stored logs. 

Hysizygus tessulatus (Bull.) Sing. A beau- 
tiful, overlapping series of caps grew on a large 
winged elm on the banks of the Kentucky Riv- 
er near Jackson, Breathitt County, Kentucky 
(10 May 1977). Causing heart rot, this fungus 
is related to the oyster mushroom discussed 
below, from which it is readily distinguished 
by means of its off-center white stripe and 
features of the spores (22). 

Panellus stipticus (Bull.) Kar. Several over- 
lapping clusters of this odd fungus were re- 
moved from a standing dead hackberry tree 
6.2 km north of Richmond, SR 60, Madison 
County, Kentucky (11 June 1985). This lu- 
minescent fungus (15) causes heart rot in dead 
trees. 
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Panus rudis Fr. Many specimens of this 
hairy little fungus were found at site 7 (11 July 
1987) on hardwood logs and debris. It is a slash 
fungus of indeterminate importance to stored 
logs. 

Pleurotus ostreatus Fr. Large colonies of 
the oyster mushroom were found on dead elm 
stumps at site 1 (22 July, 3 October, and 22 
December 1987), and some smaller ones on 
living oaks at site 2 (15 July 1987), all in Mad- 
ison County, Kentucky. Although a heartwood 
rotter, this species in an edible that (with some 
related species) is being commercially cul- 
tured. It isa common species in Daniel Boone 
National Forest and throughout most of Ken- 
tucky. 

Pleurotis dryinus (Pers.) Kum. A small col- 
ony was removed from a wound in a large 
tulip poplar at Fort Boonesborough State Park, 
Madison County, Kentucky (9 August 1987). 
The veiled oyster mushroom is an uncommon 
but widely distributed species that prefers liv- 
ing hardwoods to dead logs (7) hence is a po- 
tentially serious pest in our woodlands. 

Rhodotus palmatus (Bull.) Maire. A large 
colony of this colorful little species was found 
on a much-decayed sugar maple stump at site 
1 (19 July 1987). A very distinctive mushroom, 
R. palmatus is strictly a slash fungus of no real 
economic importances. 


Order Sclerodermatales 
(Earthballs and Relatives) 


Pisolithus tinctorius (Pers.) Cok. and Couch. 
Two large specimens were found on the ground 
under hickories and oaks at site 2 (15 July 
1987). This is a very distinctive-looking fungus 
that forms microrrhiza with many tree and 
shrubby hosts and is considered by forestry 
experts to be of great benefit in re-forestation 
attempts because of its nitrogen-soil associa- 
tions and activities (7). 


CONCLUDING REMARKS 


This article does not pretend to be a com- 
prehensive monograph. There is doubtless 
many other species of wood-rotting and eco- 
nomically important fungi in Kentucky. Hope- 
fully, since there is so little known about this 
interesting flora, the article will stimulate the 
interest of researchers and mycologists to in- 
vestigate the natural and economic problems 
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that are almost certainly of considerable in- 
terest to the Commonwealth. 
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ABSTRACT 


The distribution and habitat of the horned pondweed, Zannichellia palustris L., are reported for Tennessee 
and Kentucky, Collections cited herein document the species to be an element of the Kentucky flora and to 
be more widespread in Tennessee than indicated by previous literature reports. Horned pondweed occurs 


in a wide variety of aquatic habitats, including rivers, streams, reservoirs, lakes, and spring-fed ponds. 


INTRODUCTION 


The monocotyledenous family Zannichelli- 
aceae includes a small group of mostly annual, 
monoecious, aquatic herbs that grow entirely 
submerged in fresh or brackish waters nearly 
throughout the world. As pointed out by Haynes 
and Holm-Nielsen (1), the family historically 
has been combined with and placed under the 
families Zosteraceae, Najadaceae, and Pota- 
mogetonaceae. However, more recent treat- 
ments (1, 2) consider the family distinct from 
these related groups and to include 4 genera 
and 10-12 species. Only Zannichellia, a nearly 
cosmopolitan genus of 4-5 species occurs in 
North America where it is represented by a 
single species, Z. palustris L., the horned pond- 
weed. 

Gleason and Cronquist (3) gave the distri- 
bution of Z. palustris as “almost throughout 
North America and widespread in the Old 
World.” Hotchkiss (4) reported it from Alaska 
to Newfoundland and from California to Flor- 
ida while Muenscher (5) mapped it from most 
of the United States. It is generally distributed 
over much of the southeast (6, 7, 8), but is 
either not well known or poorly collected in 
most states. For example, Haynes (9) mapped 
it from only 4 Alabama counties. 

In Tennessee, the species has been rarely 
reported and the distribution is not well known. 
Likewise, no voucher specimens verify pre- 
vious reports of Z. palustris from Kentucky 
(10). It is the purpose of this paper to provide 


distributional and habitat data for Z. palustris 
in these 2 midsouth states. 


METHODS 


The Tennessee and Kentucky distribution 
and habitat of Z. palustris were determined 
from herbarium collections at the University 
of Tennessee (TENN), Austin Peay State Uni- 
versity (APSC), Vanderbilt University (VDB), 
and personal observation and collections of the 
authors. Several literature sources relating to 
aquatic and wetland plants of Kentucky and 
Tennessee also were consulted. 


RESULTS AND DISCUSSION 


Tennessee Distribution. —Gattinger (11) 
reported Z. palustris “in ponds and springs 
over the state” but later studies have not ver- 
ified that report. Sharp et al. (12) noted its 
presence only in Montgomery County, while 
Robinson and Shanks (13), in their checklist of 
vascular aquatic plants from the state, listed 
Montgomery County and cited literature rec- 
ords from Lake and Obion counties (Reelfoot 
Lake). Several other studies (14, 15, 16, 17, 18) 
also cite its presence in Reelfoot Lake. 

The distribution of Z. palustris in Tennessee 
and Kentucky is shown in Figure 1 and plotted 
from cited voucher specimens. 

TENNESSEE. Anderson Co.: shallow water 
along the Clinch River at CRM 66.4, just up- 
stream from bridge of TN 61, ca. 1 mile SE 
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HoRNED PONDWEED IN TENNESSEE AND KENTUCKY—Webb and Chester 


Fic. 1, 


of Clinton, 20 Oct 1981, Webb and Murphy 
4426 (NY, TENN, VDB); Franklin Co.: shal- 
low water along the N side of the Elk River 
at ERM 125.6, ca. 11 miles W of Winchester, 
7 Aug 1986, Webb 5239 (TENN, VDB); Hick- 
man Co.: deep clear pool in Sugar Creek, ca. 
1 mile W of Bucksnort, 28 Jul 1981, Kral 67615 
(VDB); Marion Co.: shallow water of Nicka- 
jack Reservoir near boat ramp on US 41 at 
TRM 440, 1 Aug 1985, Webb 5137 (TENN, 
VDB); Montgomery Co.: M. P. Brothers Farm 
on Spring Creek, 10 mi. NE of Clarksville, 11 
Sep 1949, Brown and Clebsch 400 (APSC, 
TENN); Obion Co.: Reelfoot Lake near camp- 
ground just E of spillway, 29 May 1977, Webb, 
Wofford, Evans 952 (TENN); Stewart Co.: Dry 
Fork Bay of Tennessee River at Blue Springs 
access point, 27 Aug 1985, Chester 85-731 
(APSC); upper end of Panther Creek embay- 
ment of Kentucky Reservoir at TRM 60.3, ca. 
11 miles W of Dover, 16 Oct 1985, Upton and 
Starkey s.n. (APSC, TENN); Sullivan Co.: along 
the South Fork of the Holston River, ca. 1 mile 
below South Holston Dam, 27 Sep 1979, Webb 
and Dennis 2416 (TENN, VDB); Trousdale 
Co.: near Hartsville, 21 Apr 1964, Webster s.n. 
(TENN), Wilson Co.: abundant in shallow, pol- 
luted stream, Lebanon, 24 May 1972, Rogers 
8247 (TENN. ). 

Kentucky Distribution.—Beal and Thieret 
(10) summarized available information on the 
vascular aquatic plants of Kentucky, and 
pointed out that while both Muenscher (5) and 
Radford et al. (8) attributed Z. palustris to the 
state, no voucher specimens were located to 
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A 


Holston River 


Documented distribution of Zannichellia palustris in Tennessee and Kentucky 


substantiate these reports. They further noted 
that the species is “possibly to be expected in 
Kentucky.’ The presence of the species in Ken- 
tucky is documented by the following collec- 
tions. 

KENTUCKY. Calloway Co.: shallow water 
in Snipe Creek embayment near Paradise Re- 
sort on Kentucky Reservoir at TRM 48.5, 25 
May 1988, Webb 5359 (TENN, VDB); Lyon 
Co.: shallow water at upstream end of small 
embayment in Hillman’s Ferry Campground 
on Kentucky Reservoir at TRM 30.2, Land 
Between the Lakes, 26 May 1988, Webb 5363 
(TENN); Marshall Co.: shallow water in West 
Fork Bee Creek embayment near Cozy Cove 
Resort on Kentucky Reservoir at TRM 34.5, 
25 May 1988, Webb 5349 (APSC, MUR, TENN, 
VDB); Trigg Co.: shallow upper end of Sugar 
Creek embayment near boat ramp on Ken- 
tucky Reservoir at TRM 35.7, Land Between 
the Lakes, 26 May 1988, Webb 5369 (MUR, 
TENN, VDB); Kentucky Reservoir, E side a 
few yards from the boat ramp at Sugar Bay, 
Land Between the Lakes, 10 Jun 1988, Webb 
and Chester 88-89 (APSC). 


HaBITAT 


In Tennessee, Z. palustris occurs in a variety 
of habitats (i.e., streams, rivers, lakes, reser- 
voirs, and spring-fed ponds). The earliest doc- 
umented collections and reports of Z. palustris 
are from Reelfoot Lake in western Tennessee 
and a spring-fed pond in Montgomery County. 
Most of the recent collections are from reser- 
voirs (Nickajack, Kentucky) and rivers (Elk, 
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South Fork of Holston, Clinch) of the Tennes- 
see River system. The establishment of Z. pa- 
lustris in Tennessee Valley Authority reser- 
voirs appears to be rather recent and was not 
reported by Isely (19). The largest populations 
of Z. palustris seen by the authors are along 
the Elk River downstream of Tims Ford Dam 
where pure stands of the species are scattered 
over several kilometers. 

The known distribution of Z. palustris in 
Kentucky is limited to Kentucky Reservoir in 
the western portion of the state. The collection 
of Z. palustris in Kentucky Reservoir coincides 
with a dramatic expansion in submersed aquatic 
vegetation where coverage has increased from 
about 128 ha in 1985 to more than 2,800 ha 
in 1987 (20). On Kentucky Reservoir horned 
pondweed occurs in association with Najas 
guadalupensis, N. minor, Potamogeton pu- 
sillus, and Myriophyllum spicatum. Addition- 
al populations of Z. palustris should be searched 
for on reservoirs of the Cumberland River, 
especially Barkley Reservoir where submersed 
aquatic species also are expanding. Since horned 
pondweed is adapted to both riverine and la- 
custrine habitats, it is probably more common 
and widespread than collections indicate. 
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ABSTRACT 
This reference list contains 483 entries published from 1784 to 1987 and not included in Fuller’s (1979) 
“Field Botany in Kentucky: A Reference List.” In addition to books and articles, 30 reports compiled for 
various governmental institutions, 10 master’s theses, and 4 Ph.D. dissertations are included. 


INTRODUCTION 


This reference list of botanical field studies 
in Kentucky is a continuation of Fuller’s (1979) 
“Field Botany in Kentucky: A Reference List.” 
As stated in that paper, no judgment has been 
made concerning the “scientific” acceptability 
of the entries. The only requirements for in- 
clusion are that the entries deal with (1) fungi, 
lichens, mosses, ferns, conifers, and flowering 
plants of Kentucky and the immediate area, 
and 2) some aspect of field botany in its broad- 
est sense. 

This list includes 483 entries; 55 date from 
1784 to 1899, 82 from 1900 to 1949, 102 from 
1950 to 1976, 241 from 1977 to 1987, and 3 
have no publication date. The titles also in- 
clude 30 reports for various governmental in- 
stitutions, 10 master’s theses, and 4 Ph.D. dis- 
sertations. This list and the earlier list total 806 
entries; 99 date from 1784 to 1899, 181 from 
1900 to 1949, 275 from 1950 to 1976, 241 from 
1977 to 1987, and 10 have no publication date. 
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Winter Feeding of Fingerling Channel Catfish in Kentucky 
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ABSTRACT 


Two feed regimes were evaluated for overwintering fingerling channel catfish (Ictalurus punctatus) in 
Kentucky. Fish in 3 ponds were fed throughout the winter regardless of water temperature (control ponds) 
and fish in 3 ponds were not fed when water temperatures fell below 7.2°C (treatment ponds). Fish survival 
and net pond production were not significantly different (P > 0.05) with the 2 feeding regimes. Feed 
conversion in fish fed throughout the winter was 7.4 compared to 3.4 for fish not fed below 7.2°C. This 
difference was statistically significant (P < 0.05) and indicates feed wastage with low-temperature feeding. 


Winter feeding of catfish fingerlings in Kentucky appears to promote growth at water temperatures above 


7.2°C. Below 7.2°C, feeding may be discontinued to prevent feed wastage and water quality deterioration. 


INTRODUCTION 


Channel catfish (Ictalurus punctatus), like 
all fish species, are poikilotherms. Water tem- 
perature has a profound effect on body me- 
tabolism and, consequently, on food consump- 
tion. In production situations, catfish are fed 
daily at water temperatures between 14.4°C 
and 32.0°C. Below 14.4°C food consumption 
decreases to the point that daily feeding is usu- 
ally impractical during the winter months (1). 
However, some feed input during this cool pe- 
riod has been shown to be beneficial in main- 
taining health and condition of fingerling and 
market-size channel catfish (2). Fingerling cat- 
fish not fed during the cool period have been 
reported to lose up to 34.5% of body weight 
in overwintering ponds (3). 

Winter feeding of fingerling channel catfish 
in the deep south was evaluated by Reagan 
and Robinette (4) who found that during a 
mild winter (mean temperature = 12.8°C) fish 
fed 6 days per week gained significantly more 
weight than fish fed 3 days per week with no 
significant difference in feed conversion. How- 
ever, during a severe winter (mean tempera- 
ture = 7.7°C) there was no significant differ- 
ence between feed regimes in weight gain or 
feed conversion. Robinette et al. (4) found that 
when water temperature was below 7.2°C feed 
conversion could be improved by feeding only 
every third day and stated that low-tempera- 
ture feeding schedules needed refinement, 
based on feed conversions. 

Kentucky has a limited growing season of 
180-200 days, thus large stocker fingerlings 
(27-64 g) are required for fish to be grown- 


out to market size in one year (5). Fingerlings 
of the required size have been, in the past, 
prohibitively expensive in regions outside the 
deep south. Methods of compensation for this 
limited growing season have been examined. 
Techniques include increasing growth rates by 
density manipulation and functionally extend- 
ing the fingerling growing season by early im- 
port of eggs or fry from the deep south (un- 
publ. data). However, all these techniques 
require that fingerlings be overwintered in 
ponds before growout to market sizes. 

Winter feeding of fingerling channel catfish 
in ponds has not been evaluated in Kentucky. 
Winter water temperatures are usually below 
7.2°C for 60-90 days from mid-December 
through mid-March. Because winters are more 
severe in Kentucky than in the deep south, 
development of a winter-feeding program for 
these conditions could prove beneficial to the 
channel catfish fingerling industry in the Com- 
monwealth. The objective of this study was to 
refine low-temperature feeding schedules based 
on fingerling growth and feed-conversion ra- 
tios. Fish were fed according to 2 feed regimes; 
(a) fed below water temperatures of 7.2°C 
throughout the winter (control) and (b) not fed 
below a water temperature of 7.2°C (treat- 
ment). Catfish not fed all winter were not eval- 
uated since such fish are known to lose weight 
(4), making calculation and comparison of feed- 
conversion ratios impossible. 


MATERIALS AND METHODS 


On 30 October 1986, channel catfish aver- 
aging 33 g were stocked into 6 0.04-hectare 
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Fic. 1. Mean monthly water temperatures for fingerling channel catfish ponds. Above horizontal line (7.2°C), both 
treatments followed the same feeding schedule. Below 7.2°C, feed schedules differed by treatments. 


ponds at a rate of 24,700 per hectare at the 
Aquaculture Research Center, Kentucky State 
University, Frankfort. Fish were fed a 30% 
crude protein sinking commercial catfish feed 
(Ralston Purina Co., Richmond, Indiana). 
Feeding rates were based on water tempera- 
tures and per cent body weight as described 
by Reagan and Robinette (4), Robinette et al. 
(3), and Dupree and Huner (1). Fish in 3 ran- 
domly selected control ponds were fed ac- 
cording to Table 1 (accepted feeding practice) 
throughout the winter. Fish in 3 randomly se- 
lected treatment ponds were fed according to 
the table down to 7.2°C; below 7.2°C no feed 
was given. Water temperatures were taken at 
1 m depth at 0800 hours. On 27 April 1987, 
the fingerlings were harvested, counted, and 
weighed. The Student’s t-test was used for 2 
mean comparisons of survival, harvest weights, 
net-pond production, and feed conversion (6). 


RESULTS AND DISCUSSION 


During the winter of 1986-1987, surface 
water temperatures averaged 7.3°C from 30 
October 1986 through 27 April 1987 (Fig. 1). 
There was a total of 69 feeding days for fin- 
gerlings fed throughout the winter and 37 
feeding days for fingerlings not fed below 7.2°C. 
This represents 46% fewer feedings for the 
fingerlings not fed below 7.2°C than for fin- 
gerlings fed throughout the winter. 

Fish in both treatments were observed to be 
in good condition at harvest. Mean survivals 


of fingerlings fed throughout the winter and 
not fed below 7.2°C were 98.5% and 99.2%, 
respectively, and were not significantly differ- 
ent (P > 0.05) (Table 2). Net-pond production 
and percentage weight gain of fingerlings fed 
throughout the winter and not fed below 7.2°C 
were 4.9 kg/hectare and 14.5% and 5.1 kg/ 
hectare and 15.8%, respectively. These differ- 
ences were not significant (P > 0.05). There 
was, however, a significant difference (P < 
0.05) in feed-conversion ratios. Fish fed 
throughout the winter averaged 7.4 (kg of feed 
fed/kg of fish gain) and fish not fed below 
7.2°C averaged 3.4. 

Data from this study indicate that finger- 
lings not fed below 7.2°C gained as much 
weight as fish fed throughout the winter. We 
attribute the higher feed-conversion ratio in 
fingerlings fed throughout the winter to be the 
result of uneaten feed. This represents an un- 


TABLE 1. 
gerling channel catfish in earthen ponds.* 


Winter feeding rates and frequencies of fin- 


Water Feeding rate 
temperature (% body 

ec)? Feeding frequency weight/day) 
26.1-20.0 2 times/day 3.0 
19.4-14.4 1 time/day 1.5 
14.3-10.0 alternate days 2.0 
9.9-4.4 every third day 1.0 
4.3 and below every fourth day 1.0 


* Adapted from Reagan and Robinette (4), Robinette et al. (3), and Dupree 
and Huner (1) 
» Water temperature was taken in the morning at 1 m depth 
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Effects of two feeding regimes on winter survival, weight gain and feed conversion of channel catfish 


fingerlings. Values are means (SE). An asterisk within a column indicates that the two means are significantly different 


(Student’s t-test; P < 0.05) 


Mean harvest 


Survival weight per fish Net-pond production 
Treatment? (%) (g) (kg/hectare) Feed conversion” 
Fed all winter 98.5 (0.8) 88.7 (1.7) 4.9 (1.3) 7.4 (2.0) 
Not fed below 7.2°C 99.2 (0.5) 37.3 (2.5) 5.1 (0.2) 3.4 *(0.3) 
* Complete data information per pond are available from the authors 
» Feed conversion = weight of feed/fish weight gain 
necessary expense to producers and an accu- LITERATURE CITED 
mulation of uneaten feed in overwintering i Dubiee: HK andj) We Finer: 108d ton 


ponds which can have a negative effect on fish 
growth and health through the deterioration 
of water quality (2). This is most often noticed 
as the water temperatures increase in the spring 
and could cause poor health and even fish loss 
(1). 

We conclude that feeding fingerling chan- 
nel catfish according to the above feeding table 
should promote growth at water temperatures 
above 7.2°C. When water temperatures fall 
below 7.2°C, we suggest that feeding be dis- 
continued. This feeding practice should elim- 
inate the expense of uneaten feed and maintain 
good water quality without affecting weight 
gain. 
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Design and Implementation of a Relational DBMS in an 


Object-oriented Environment 


JoHN H. CRENSHAW 


Department of Computer Science, Western Kentucky University, Bowling Green, Kentucky 42101 


ABSTRACT 
This paper summarizes the results of a project to design and implement an SQL-like relational database 
management system (RDBMS) in the Smalltalk object-oriented environment. A brief summary of RDBMS 
is followed by a brief discussion of the basic principles of object-oriented programming in the Smalltalk 
environment. Finally, the implementation of the SQL-like RDBMS in Smalltalk is illustrated along with 
several observations as to the validity of attempting such a project in Smalltalk. 


INTRODUCTION 


Database management systems have be- 
come an integral part of computer science for 
both academicians and professional practition- 
ers in recent years. Much of the attention in 
recent years has been on the relational data 
model as many of the commercial and research 
systems have incorporated this approach. 
Another newer area of interest among com- 
puter science academicians and researchers is 
the study of object-oriented programming sys- 
tems and their value in designing large soft- 
ware systems. This paper briefly reviews these 
2 areas and describes a project to design and 
implement an SQL-like relational database 
management system (RDBMS) in an object- 
oriented environment. Included in the paper 
is an illustrative example of the database sys- 
tem working in a Smalltalk environment. 


RELATIONAL DATABASE MANAGEMENT 
SYSTEMS 


The RDBMS data model logically organizes 
the database into a collection of normalized 
tables or relations. Each relation is composed 
of a set of rows or tuples, and a set of columns 
or attributes. Conceptually, each relation has 
a primary key such that no 2 tuples have iden- 
tical values for the primary key. Thus, each 
tuple can be uniquely identified by its primary 
key value. The primary key may be composed 
of 2 or more attributes. 

Every RDBMS language must provide the 
user with the ability to define the format of a 
new relation, modify the format of an existing 
relation, and remove a relation entirely. A user 
of such a system must also be able to insert 
tuples into a relation, delete tuples from a re- 


lation, and update individual attributes within 
a given tuple of a relation. Finally, a RDBMS 
must allow the user to query the various re- 
lations in order to retrieve individual tuples, 
groups of tuples, or statistical summaries from 
any of the relations. 

A RDBMS must provide the user with a 
language with which to both define and ma- 
nipulate the relations and the data stored in 
those relations. Many RDBMSs with many dif- 
ferent user languages have been developed and 
utilized in the past 20 years. The user language 
SQL has been incorporated in many RDBMSs 
recently and has become recognized as a de 
facto standard RDBMS language. For this rea- 
son, SQL will be used as the focus for the 
review of RDBMsSs presented here. 

The first set of SQL commands to be ex- 
amined are those which define a relation and 
perform maintenance on the relation and the 
data stored in the relation. To define a table, 
the user issues: 


CREATE TABLE table—_name 
(attribute__name__1 data__type__1, 
attribute__name__2 data__type—2, 


attribute__name__n data__type__n) 


To add another attribute to an existing table, 
the user issues: 


ALTER TABLE table_name 
ADD attribute__name data__type 


To delete an existing table, the user issues: 
DROP TABLE table__name 


To add a tuple to an existing table, the user 
issues: 
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INSERT INTO table__name 
VALUES(attribute__value__l, ..., at- 
tribute__value__n) 


To delete one tuple or delete all tuples for 
which the predicate is true, the user issues: 


DELETE FROM table__name 
WHERE predicate 


To change a value in one tuple or change all 
tuples for which the predicate is true, the user 
issues: 


UPDATE table__name 
SET attribute__name__1 = value__], 
attribute__name__2 = value__2, 


attribute__name__n = value__n 
WHERE predicate 


There are 3 primary query command types 
in any RDBMS: Selection, Projection, and Join. 
Selection selects a subset of all tuples in a re- 
lation while Projection selects a subset of all 
attributes in a relation. A given query com- 
mand could be a pure Selection, a pure Pro- 
jection, or a combination of the two. Such a 
combination would mean that a subset of all 
tuples was being chosen (the Selection), and a 
subset of the attributes of that set of tuples was 
being chosen (the Projection). 

The third command type, the Join, takes 2 
relations and joins them to form a third relation 
composed of all attributes of both relations. In 
an equijoin, the most typical join, if relations 
A and B are joined about attribute__i, then 
whenever a tuple from A and a tuple from B 
have the same value for attribute__i, the con- 
catenated tuples of A and B will be inserted 
into a new relation, C. 

In SQL, all 3 of these query operations are 
implemented using variations of a single com- 
mand, Select. To perform a Selection opera- 
tion and choose all tuples for which the pred- 
icate is true, the user issues: 


SELEGL + 
FROM table__name 
WHERE predicate 


To perform a Projection operation and choose 
a subset of attributes from all tuples, the user 
issues: 


SELECT attribute__name 
bute__name__k 
FROM table__name 


EO ae mattri- 
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To perform a Join operation using attri- 
bute__name__i as the joining attribute, the 
user issues: 


SELECT table__name__A.*, table__ 
name__B.* 
FROM table__name__A, table__ 
name__B 
WHERE table__name__A.attri- 
bute__name__i = 
table__name__B.attri- 
bute__name__i 


There are other commands in SQL and ad- 
ditional levels of complexity for these simple 
forms. The subset of SQL commands discussed 
here, however, will be sufficient to illustrate a 
RDBMS implementation in Smalltalk. 


OBJECT-ORIENTED PROGRAMMING 
IN SMALLTALK 


Smalltalk is a complete Object-oriented Pro- 
gramming System, OOPS, developed by Xerox 
in the early 1970s. The version used in this 
project is Smalltalk/V developed by Digitalk 
in 1986. The Smalltalk system was one of the 
first software systems to utilize extensive win- 
dows and mouse control in addition to its strict 
adherence to the principles of OOPS. 

Smalltalk, therefore, like other OOPS, is built 
around the concept that the data object is of 
central importance. Objects are grouped into 
classes; a particular occurrence of an object is 
called an instance. A class may have one or 
more class variables which are accessible by 
any object in that class. An instance in a class 
may have one or more instance variables which 
are unique to that particular instance of the 
object and which are accessible only by that 
instance. 

Because objects are central in OOPS, the 
concept of an executable module is quite dif- 
ferent from that in a typical procedure-ori- 
ented language. Traditionally, a procedure calls 
another procedure and passes information to 
the second procedure in the form of parame- 
ters which may be data variables, constants, or 
other language elements. In an OOPS, a pro- 
cedure or message is passed to an object rather 
than the other way around. 

This concept of an object being the receiver 
of a message means that it is reasonable to 
collect all the messages which a given class of 
objects can receive, and associate these mes- 
sages with the class itself. Thus, the Smalltalk 


DESIGN OF DATABASE SYSTEM—Crenshaw 


environment is organized into a hierarchical 
tree of object classes such that each class has 
a set of messages which it understands. The 
OOPS principle of inheritance gives addition- 
al power and richness to the Smalltalk system; 
each class of objects “inherits” or understands 
all messages in all superclasses. (A superclass 
is any class which lies on the path from the 
current class in the class tree to the root class.) 

Smalltalk/V has over 100 classes defined in 
its class hierarchy with over a thousand mes- 
sages defined for these classes. In Smalltalk 
terminology, a message is implemented by a 
method which is composed of Smalltalk code 
in most instances. Since the code is visible and 
accessible to all users, the Smalltalk environ- 
ment is very open and permits a user to change 
existing methods, create new classes and mes- 
sages for those classes, and add new messages 
to existing classes. Because of the inheritance 
principle, a new object class will inherit a siz- 
able set of messages as soon as it is defined in 
the class hierarchy. 

A portion of the class hierarchy of Small- 
talk/V is shown below: 


Collection 
Bag 
Set 
Dictionary 
IndexedCollection 
FixedSizeCollection 
Array 
String 
OrderedCollection 


This portion was chosen not only because it is 
a good representative of the subclass structure 
present in Smalltalk/V but also because many 
of the classes represented in this segment are 
useful in the project of implementing a 
RDBMS. 

A Collection is the most general class of 
objects which are composed of an ordered or 
unordered group of elements. Messages exist 
for the creation of new Collections, the inser- 
tion of a new object into a Collection or the 
removal of an object, the iterative processing 
of each element in a Collection, and several 
Boolean functions such as testing the size of a 
Collection and testing for the existence of a 
particular element in a Collection. 

A Set inherits the messages of the Collection 
class in addition to possessing a new group of 
messages. Some messages are polymorphically 
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redefined to reflect a new meaning. For ex- 
ample, the message add which was valid for 
Collections is also valid for Sets, but the ele- 
ment will be added to a Set only if it is not 
already present; such a filter was not a part of 
the method for add in a Collection. 

A Dictionary is a special Set in that each 
element is a key/value pair. No key in a Dic- 
tionary may be repeated. Some messages ap- 
propriate for a Dictionary include identifying 
the value associated with a particular key and 
vice versa, presenting all keys to the user as a 
Set, presenting all values to the user as a Bag, 
and adding, deleting, and updating existing 
values in the Dictionary. 

Finally, a FixedSizeCollection is an 
IndexableCollection which has a fixed length 
with elements which can be accessed with in- 
teger indices. The user may access or modify 
an element by index number or ask for the 
index number of the entry whose value equals 
the value supplied. An OrderedCollection dif- 
fers from a FixedSizeCollection primarily in 
its variability in size; an OrderedCollection may 
be increased in size at any time. 

With the wealth of classes and messages 
which are included in the Smalltalk environ- 
ment, a user wishing to design a new software 
system must use special care in deciding which 
existing classes can be utilized and what new 
classes and messages must be defined. Care 
must also be used in inserting the new classes 
at the appropriate levels in the class hierarchy. 


IMPLEMENTING A RDBMS IN SMALLTALK 


A relation in a RDBMS has a logical and 
physical structure much like a Dictionary in 
Smalltalk/V; each is composed of an unor- 
dered set of values. Each value in a Dictionary 
is associated with, and identified by, a unique 
key value just as a relation. Therefore, a new 
subclass called Relation was defined and placed 
under Dictionary in the class hierarchy. 

In a Dictionary, the key element and the 
value element need not be scalar objects; either, 
or both, may be complex structures. For this 
initial implementation, the key was assumed 
to be a string object; future expansions will 
permit the key to be composite—that is, an 
array of strings. The value element associated 
with each key is an array of objects, each of 
which may be string or numeric objects. Thus, 
if a relation consisted of four attributes as fol- 
lows: (ID#, NAME, SALARY, DEPT#), then 
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the key would be the ID# attribute and the 
value would be an array consisting of the three 
attributes NAME, SALARY, and DEPT#. 

In order for a user to define and access a 
relation properly, six instance variables were 
defined for the class Relation: 


— Attribute name for the pri- 

mary key of the relation. 
pKeyType — ‘C’ or ‘N’ defining the data 
type of the key to be char- 
acter or numeric. 


pkey 


pKeyLen — Maximum length of key in 
characters or digits. 

aList — Array of attribute names for 
the relation. 

aListType — Array of ‘C’ or ‘N’ defining 
the data types of the at- 
tributes. 

aListLen — Array of maximum lengths 


for the attributes. 


The remaining task in implementing the 
RDBMS in Smalltalk was to design messages 
for the class Relation which would perform all 
necessary functions. The messages are divided 
into four groups for explanation purposes: Def- 
inition of a Relation, Data Update for a Re- 
lation, Displaying components of a Relation, 
and Querying a Relation. 

The new message creates an empty Relation 
which can then be givena name. The initialize 
message creates and clears the six instance vari- 
ables associated with the new Relation. The 
alterPKey and alterColumn messages allow 
the user to declare the names, data types, and 
lengths for the primary key and all attributes. 
The alterColumn message can also be used to 
extend the Relation at any time by adding a 
new attribute. 

Data updates are handled by 3 messages: 
addRow, deleteRow, and replaceColumn. The 
addRow message supplies a key and a value 
array. The system inserts the value array into 
the Relation and associates the key with that 
new row of data. Similarly, the deleteRow 
message finds the value array associated with 
a supplied key and removes that row from the 
Relation. The replaceColumn message is used 
when a single attribute in a row needs to be 
updated. The user supplies the key value and 
the attribute name, which uniquely identify 
the data element to be replaced, and the new 
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data value which is to replace the old data 
element. 

A set of output messages was implemented 
to assist the user in recalling what the form of 
the Relation is as well as the current data stored 
in the Relation. The showTableAt message dis- 
plays the value associated with the supplied 
key. The showTable message displays the en- 
tire relation. The showKeys message is a spe- 
cial message which will display all the keys in 
the Relation without any of the data values 
associated with the keys. Finally, show- 
Columns and showPKey will display the name, 
data type, and length for the attributes and 
the primary key, respectively. 

Asin SQL, the Selection and Projection query 
commands are both implemented by a varia- 
tion of a select message. The basic form of the 
select message is: 


select: attribute__list where: predicate 


The attribute__list is either an array of at- 
tribute names to be displayed or an asterisk 
which means display all attributes. The pred- 
icate is a Boolean expression specifying which 
tuples are to be displayed. Thus the Selection 
operation of SQL would be implemented by 
a form such as: 


select: (*) where: (SALARY > 25000) 


Likewise, the pure Projection operation would 
not use the where clause, but would replace 
the * with an explicit list of attribute names. 

The Join operation in this project is imple- 
mented by the join message which takes the 
form: 


join: table__name on: attribute__name 


This command displays the combined tables 
as discussed in the SQL section. 


IMPLEMENTATION EXAMPLE 


To illustrate this system, a short example is 
shown below. A simple personnel Relation 
called PERSONNEL will be defined with a 
primary key of ID# and 3 additional attri- 
butes: NAME, SALARY, and DEPTH. Data 
values will be loaded and displayed before a 
few values are updated and then displayed 
again. Finally, some queries will be processed 
against the relation. 
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sonnel = Relation new 
sannel imitialize 
sonnel alterPRey: [0#tyupe: H length: 4 
sannel alterColummn: Hame type: C lenath: 148 
Somme l alterColumm: Salary tupe: Hlenmath: F 
cormel alterColumn: Dept#type: H lermath: 3 
Sonne] showPe ey 
Fritaryukeyu: IO# 
Tope: H 
Length: 4 
Personnel] showlolumrs 


Te) eS a 
TT Tt DD mt D Dm wh 
i 


Pen ane addeaun ae Nelsen 2 


Fer S4HHH 161s at: Lead 
Fersonnel] addRow: #0 Jones 1PSbe tees at: 4823 
Fersonnel addFow: #0 Edwards 1L2bBe tait at: S53 
Ferzonnel addFow: #¢ Meyers L6H LAs) at; 26148 
Personnel showkeys 


Relation has 4 elements 
lead 
S618 


4523 
Personne] showTable 
IO# Hame Salary Oept# 


Hilson #4888 1481 
Meyers L6HAe lee 
Edwards ilehee lal 
Jones 1LFPaeea ihe 
deleteRow; 2524 


sonnel addFow: #¢ Wilson 13588 1ae% : 
sonnel replaceClolumnm: Salar fi 36 
“sonnel shouwTable 

IO# Hame Salary Oept# 


a ss 
T md im 


Wilson e24hhe 144i 
Wilson 13588 ie 
Meyers Labbe 1He 
Jones TrSshea 1He2 
select: #0 * 3 where: #0 Hame= Wilson 3 
Hane Salary Oept# 
Wileon 2488He8 148i 
Wilson i1358e ibe 
select: #¢Hame Salaryt where: #0 53alary:=158883 
lary 
Heygere 1SAee 
Jones 1°S88 
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FuTURE WoRK AND CONCLUSIONS 


Although the system is operational, there are 
several features of SQL yet to be implemented. 
SQL permits an extensive range of clauses in 
the Select command which have not been dis- 
cussed here. There are statistical summaries 
which allow the user to count, or sum up, or 
average a selected attribute. There are also 
advanced clauses for the use of subquery claus- 
es and clauses allowing the selected tuples to 
be grouped together based on an attribute val- 
ue. These features and others of SQL are being 
worked on at the present time and will be 
incorporated into the system in the near future. 

Two other areas for future work are output 
presentation and robustness. Smalltalk has lim- 
ited output facilities for presenting a well-for- 
matted report. More effort needs to be devoted 
to the form with which the results are dis- 
played. Finally, the current system is robust in 
all the critical segments, but there are still a 
few places where incompatibilities in data types 
are not caught during the input process. 

The implementation of another SQL-like 
RDBMS is not a major contribution to the com- 
puter science community. The value of this 
project lies in its usage of OOPS as the envi- 
ronment in which the implementation took 
place, the speed with which such an imple- 
mentation can be made, and the brevity of the 
code required in the implementation. 

Approximately 20 messages were written for 
this project, with fewer than 500 lines of Small- 
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talk code required for all messages. Many of 
those lines were error-checking code to in- 
crease the robustness of the system. A system 
developer who is proficient in the Smalltalk 
environment could measure the development 
time in days rather than weeks. 

The system modularity which is enforced 
by the inherent nature of the object class hi- 
erarchy and message handling protocol makes 
expansion of the system easier as well. Each 
module or message is readily available for usage 
in other messages. 

In conclusion, object-oriented systems and 
object-oriented methodologies are still new and 
unexplored areas for a large segment of com- 
puter professionals. Existing systems such as 
Smalltalk require an extensive learning period 
before the user has sufficient proficiency to 
develop an application which utilizes the rich- 
ness of the OOPS environment. The payoff, 
however, as demonstrated by this project, is 
well worth the effort. 
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Stranding of Fishes below McAlpine Dam on the Ohio River 
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ABSTRACT 
Many fishes are stranded on dewatered substrates below McAlpine Locks and Dam on the Ohio River at 
Louisville, Kentucky, when the upper gates of the dam are closed during periods of low flow, usually June 
to October. Between 11 June 1984 and 21 April 1985 we monitored 15 stranding events and counted 166,437 
stranded fishes of 54 species. The 10 fishes stranded in greatest numbers were: emerald shiner, freshwater 


drum, gizzard shad, mooneye, smallmouth buffalo, goldeye, sauger, skipjack herring, channel catfish, and 
blue sucker. Numbers of fish stranded were correlated with time of final closure, season, temperature, 
turbidity, discharge and lower pool elevation. Mitigation techniques recommended include altering times, 


rate and sequence of gate closures and manipulation of lower pool elevations. 


INTRODUCTION 


Modifications of natural flow regimes re- 
sulting from management of surface waters for 
hydroelectric power generation, irrigation, 
flood control, low-flow augmentation, year- 
round recreation, and other purposes have been 
observed to cause wide variations in flow which 
adversely impact fishes and other aquatic biota 
(1). 

Fluctuations in flow and water level, both 
above and below dams, and diversions have 
trapped fishes and other aquatic organisms in 
isolated pools and stranded them on exposed 
streambed and shoreline areas (2). When this 
occurs, organisms may die from desiccation, 
solar heating, lack of oxygen or predation (2). 

Seasonal or “natural” changes in flow have 
also been observed to result in the stranding 
and entrapment of aquatic biota in rivers and 
streams (3). Stranding and entrapment of fishes 
and other aquatic biota have been observed in 
isolated pools during periods of drought and 
in oxbows and ponds on floodplains of rivers 
following high spates (3). 

Fluctuations in flow below hydroelectric 
power plants have been observed to cause 
stranding and subsequent losses of fishes and 
other aquatic organisms in downstream areas 
by many investigators (2, 4, 5, 6, 7, 8, 9, 10). 

Water-level fluctuations due to the opera- 
tion of navigation dams on the upper Missis- 
sippi River have also been observed to result 
in the stranding and entrapment of fishes and 
other aquatic organisms in exposed shoreline 
areas, both above and below these dams (11). 

Operations of navigation dams to maintain 
a 9-foot (2.7-m) navigation channel have also 


been observed to result in the stranding and 
entrapment of fishes in the Ohio River. The 
Ohio River has been completely canalized and 
is presently controlled by a series of 20 navi- 
gation locks and dams which are operated by 
the United States Army Corps of Engineers 
(U.S.A.C.E.) to maintain year-round naviga- 
tion (12). Of these, 18 are of the permanent 
high-lift dam type, while two are of the wicket 
type (12). One of these high-lift dams is 
McAlpine Locks and Dam (#41) which is lo- 
cated in the Ohio River at ORM 604.4 (miles 
below Pittsburgh, Pennsylvania, 972.7 km) be- 
tween Louisville, Kentucky, and Jeffersonville 
and Clarksville, Indiana. McAlpine Locks and 
Dam is located directly above the Falls of the 
Ohio. The Falls of the Ohio is the only place 
in the entire length of the Ohio River where 
bedrock is exposed (13). The Falls of the Ohio 
is also the only riffle-run habitat left along the 
mainstem of the Ohio River since establish- 
ment of the navigation pools. 

The Falls of the Ohio is the focal point of 
the surrounding area’s geological, prehistoric, 
and historical past (14). The exposed bedrock 
is a 350- to 400-million-year-old Devonian fos- 
silized coral reef. These fossil beds are uniquely 
displayed in large horizontal sheets which have 
been polished by the waters of the Ohio River 
(13). The Falls area contains a variety and 
abundance of wildlife (13), providing habitat 
for many shorebirds and waterfowl during mi- 
grations. The Falls also harbors an abundant 
and diverse fish community (13), and the area 
is thought to be a significant refuge for fish 
species which were once abundant in the Ohio 
before its impoundment (15). 
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In order to properly protect and manage the 
area, the U.S. Congress designated 566.6 ha of 
the Falls area as the Falls of the Ohio National 
Wildlife Conservation Area (WCA) in Decem- 
ber 1981 and placed responsibility for admin- 
istration with the U.S. Army Corps of Engi- 
neers in consultation with the Department of 
the Interior (13). 

During low-water periods, usually in late 
summer and early fall, the McAlpine pool above 
McAlpine Locks and Dam is maintained at 
navigation depth by completely closing the four 
Tainter gates of the lower, and the five Tainter 
gates of the upper-gated structures. When these 
gates are suddenly closed, a small amount of 
water continues to leak under and around the 
gates, which maintains several small channels 
of water below the upper-gated structure. 
However, numerous small, natural basins in 
the bedrock immediately below the gates are 
suddenly left without a continuous water sup- 
ply, and at this time many fishes are stranded 
in these shallow 3-50-cm-deep pools. 

Stranding of fishes below the dam has been 
observed by fishermen and other individuals 
for many years. The occurrence of stranding 
and entrapment of fishes following 7 closure 
events during the years 1981 through 1983 was 
observed by biologists from the University of 
Louisville who arrived at the site within several 
hours after the closure events. Casual obser- 
vations revealed that large numbers of fishes 
of at least 30 species, including sport, com- 
mercial, and some rather rare and/or unusual 
species, were stranded and entrapped in the 
area below the dam. Many of these fishes were 
removed by local residents or eaten by birds 
and other predators and scavengers. Those not 
removed quickly died in the pools or on ex- 
posed rock surfaces as the result of desiccation 
and thermal-low oxygen stress within several 
hours after being stranded. 

In 1984, we arranged to be notified by the 
U.S.A.C.E., Louisville District, of imminent 
closure of the upper Tainter gates of McAlpine 
Locks and Dam. The extent of stranding and 
entrapment of fishes directly below McAlpine 
Dam was then studied between 11 June 1984 
and 21 April 1985. The purposes of our study 
were to: (1) identify major stranding areas, (2) 
determine the species and size of individuals 
affected, (3) estimate total fish loss, (4) identify 
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the cause(s) of stranding, and (5) recommend 
means of minimizing fish losses. 


DEVELOPMENT AND OPERATION OF 
MCALPINE Locks AND Dam 


McAlpine Locks and Dam is located directly 
above the Falls of the Ohio. The Falls of the 
Ohio was formed by an irregular spur of lime- 
stone bedrock under the entire width of the 
river. The Falls were not really a waterfall but, 
prior to construction of McAlpine Locks and 
Dam, actually formed a series of rapids, which 
extended about 3.2 km, dropping 7.9 m at low 
water, in effect forming a natural dam (14, 
16). Navigation was possible over the Falls only 
during high water or flood conditions, which 
occurred only two months out of the year (14). 

In 1830, as part of the first major navigation 
improvements along the Ohio River, the Louis- 
ville and Portland Canal around the Falls was 
completed. Later, in order to raise the upper 
pool to improve navigation, retaining dams 
were built across the Falls (16). 

In 1921 plans were initiated to replace the 
older dams and to raise the dam at Louisville 
to create a deeper upper pool (16). Construc- 
tion of the new dam and a hydroelectric power 
plant began in 1925 and both the dam, which 
was designated Dam 41, and the Louisville Gas 
and Electric L.G. &E. hydroelectric power plant 
were completed in late 1927 (16). This new 
structure had an “L-shaped configuration and 
consisted of a concrete fixed dam, movable 
Boulé dam, bear traps, and a Chanoine wicket 
navigable pass section. The movable dam was 
located at the head of the Falls. 

In June 1961, as part of a program of re- 
construction and modernization, Locks and 
Dam 41 were renovated. Construction was 
completed in September 1964, and the struc- 
ture was renamed McAlpine Locks and Dam. 
The general configuration of the dam was re- 
tained, and it was modified to a non-navigable, 
fixed-weir, gate-controlled structure (16) (Fig. 
1). The gated structures consist of 9 bottom- 
release Tainter gates which release water over 
an elevated spillway or apron, rather than over 
the top, making upstream movements of fishes 
difficult, if not impossible, at low flow (15). 
Depending upon flow conditions, the Tainter 
gates are raised or lowered electronically, and 
are controlled by transmitted microwave sig- 
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nals. These gates are normally opened or closed 
at a rate of one foot per minute. 

The upper-gated structure has 5 Tainter gates 
while the lower-gated structure has 4 Tainter 
gates. Each Tainter gate is 30.5 m wide and 
6.7 m high. When fully raised, the clearance 
of the gates above maximum high water level 
is 1.5 m. Additionally, below the upper-gated 
structure is a fixed concrete deflector wall lo- 
cated adjacent to Tainter gate number 5 (on 
the Kentucky side of the river), which is per- 
pendicular to and extends from the upper-gat- 
ed structure. This deflector wall channels flow 
away from the fixed-weir section, which runs 
from the upper to the lower-gated structure. 
This deflector wall is 66.4 m in length and 2.0 
m in height and extends 30.5 m from the edge 
of the dam apron. 

The upper pool of McAlpine Pool is at an 
elevation of 128.0 m above M.S.L. (mean sea 
level). The lower pool, Cannelton Pool, is at 
an elevation of 116.7 m above M.S.L. The up- 


McAlpine Dam and study area at the Falls of the Ohio River; letters refer to regions (A-I) and routes (R1— 


per and lower gauge readings, or pool eleva- 
tions, are the elevations of the water surface 
on the upstream and downstream sides of the 
dam, respectively. The lower gauge reading 
reflects the fluctuation in the tailwater eleva- 
tion of the river, as influenced by Tainter gate 
and hydro unit manipulations and operation 
of the next (Cannelton) dam downstream. 
Gate adjustments are made regularly in re- 
sponse to existing and expected future flows 
and navigation conditions. The Corps of En- 
gineers has the authority to control flow through 
the L.G.&E. hydroelectric plant (which has a 
total of 8 turbine units) only when water is 
needed to maintain a navigable channel. 
Therefore, the Corps has complete control over 
McAlpine during low flow conditions, but not 
necessarily during high flow conditions (17). 
The upper 5 Tainter gates of McAlpine are 
opened and closed in sequence. Two proce- 
dures are used to open or close the gates. One 
procedure is to open and/or close gate 5 (on 
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the Kentucky side of the dam) first, and then 
in sequence open and/or close gates numbers 
6 through 9; the other procedure is to open 
and/or close gate number 9 (the Indiana side 
of the dam) first, and then in sequence open 
and/or close gates numbers 8 through 5. 

Corps personnel have tried in the past to 
minimize stranding of fishes below the upper 
Tainter gates by manipulation of the Tainter 
gates. Corps personnel have visually surveyed 
the area below the upper Tainter gates from 
the Pennsylvania Railroad Bridge, and have 
attempted to minimize stranding of fishes be- 
low the dam by using various manipulations 
of both the upper and lower Tainter gates. 
These manipulations involved altering the se- 
quence of closure and rate of closure of the 
upper Tainter gates and maintaining a high 
lower pool elevation at the time of closure of 
the upper Tainter gates by maintaining gate 
footage on the lower Tainter gates. In the early 
1980s, a greater proportion of releases were 
made using the upper Tainter gates due to 
bank erosion problems on the Indiana bank 
across from the lower Tainter gates (13). Based 
upon our examination of Corps of Engineers 
records of dam operation from 1 January 1979 
to 21 April 1985, it appears that several pro- 
cedures were used to both open and close the 
upper and lower Tainter gates during these 
years. Two general procedures were used to 
open and one procedure was used to close the 
upper and lower Tainter gates between | Jan- 
uary 1979 and 12 June 1984. These procedures 
were changed on 13 June 1984, after which 
only 1 procedure was normally used to open 
and close the upper and lower Tainter gates 
until the end of our study on 21 April 1985. 
These procedures are considered separately 
below. 


Operation Procedures— 
1 January 1979 to 12 June 1984 


Opening Procedures.—(1) When a rising 
upper pool level required opening of the Tain- 
ter gates, the 4 lower gates would be opened 
first. Usually only a total of 4-16 ft (1.2-4.9 
m) of Tainter gate footage would be opened. 
If and when the need arose for additional gate 
footage, the lower Tainter gates would be closed 
and the 5 upper Tainter gates would be opened. 
(2) Another procedure was to open the upper 
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Tainter gates first. The lower Tainter gates 
would then be opened only if and when the 
upper Tainter gates were open to their maxi- 
mum, and additional gate footage was still re- 
quired. 

Closure Procedure.—When both the upper 
and lower Tainter gates were open and the 
upper pool level fell to a point which required 
gate footage reduction, gate footage would 
usually be reduced first on the lower Tainter 
gates. No reductions of Tainter gate footage 
on the upper Tainter gates were made until 
the lower Tainter gates were closed. This re- 
sulted in very low water levels in the lower 
pool immediately prior to and during closure 
of the upper Tainter gates. 


Operation Procedures— 
13 June 1984 to 21 April 1985 


During 1984 and 1985 the operating pro- 
cedures for opening and closing of the Mc- 
Alpine Tainter gates were changed. The pro- 
cedure was to leave the lower gates open and 
close the upper gates first, creating a slack water 
area downstream of the upper gates, in the 
hope that fish would be induced to leave the 
area. 

Opening Procedure.—When a rising upper 
pool level required gate footage, the lower 
Tainter gates were opened first, up to a max- 
imum of 24 gate feet (7.3 m). If additional 
gate footage was required, the upper Tainter 
gates were then opened. The lower Tainter 
gates would only be opened beyond 24 ft (7.3 
m) if the upper Tainter gates had been opened 
to their maximum. This procedure minimized 
erosion of the Indiana bank across from the 
lower Tainter gates. One result of this opening 
procedure was a reduction in the number of 
openings, and subsequently, the number of clo- 
sure events, at the upper Tainter gates. 

Closure Procedure.—When both the upper 
and lower Tainter gates were open, gate foot- 
age was first reduced on the lower gates. When 
gate footage had been reduced to 7.3 m, gate 
footage on the upper gates was then reduced. 
The end result was that immediately prior to 
closure of the upper Tainter gates a total of 
7.3 _m was open on the lower Tainter gates. 
This procedure created a slack water area be- 
low the upper Tainter gates by maintaining 
higher water levels in the lower pool. 
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MATERIALS AND METHODS 


The McAlpine tailwaters often resembles the 
original free-flowing state of the Ohio River. 
During moderate- to low-flow conditions, the 
area below the upper Tainter gates contains a 
series of permanent rapids or riffles, and the 
pools are small in area. The area does not have 
the deep scour holes which are typically found 
below locks and dams and which do exist below 
the Tainter gates of the lower-gated structure. 
Frequent flooding and releases of water through 
the upper Tainter gates keep the bedrock well 
scoured. The deflector wall below the upper- 
gated structure creates a transitional zone of 
relatively quiet water extending out over the 
Outer Fossil Beds, when flows are not topping 
the dam. This backwater area has accumula- 
tions of sand, gravel and silt, which collect each 
time high water flows recede. Several large 
boulders and flat slabs of rock are present in 
various areas of the Outer Fossil Beds (Fig. 1). 

Exposure of the bedrock and availability of 
suitable habitat depend upon both flow con- 
ditions and Tainter gate operations (and to some 
extent hydro operation). Upper Tainter gate 
operation is the major determinant of the 
amount of bedrock exposed and the depth of 
water. With the upper Tainter gates fully or 
partially open, the bedrock is totally, or almost 
totally, covered with water. When the upper 
Tainter gates are fully closed, seepage under 
the gates and flowage through a series of cas- 
tellations cut along the top of the fixed weir 
provide a flow of water across the fossil beds 
in several areas. At normal lower pool elevation 
of 116.7 m M.S.L., the coral reef within the 
WCA consists of approximately 89 ha (13). 

The study methods are considered under the 
following categories: (1) identifying stranding 
areas and selecting sample sites, (2) estimates 
of the number and species of fishes stranded, 
(3) determination of primary factors which may 
affect numbers and species stranded, and (4) 
data analyses. 


Selection of Study Sites 


The 89-ha area below the dam was divided 
into 5 Regions (Fig. 1), which are described as 
follows: (1) A 2.92-ha area immediately below 
the dam apron, called the “Midlands Region” 
(A). This area includes exposed bedrock and 
areas receiving continuous flow from seepage 
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under the upper Tainter gates. (2) A 2.01-ha 
area of the Outer Fossil Beds called the “Outer 
Fossil Beds Region” (B). (3) A shallow inlet 
called the “Weir Channel” (C) which receives 
seepage from underneath the fixed weir. (4) A 
33.64-ha area called the “Outlands Region” 
(D). This area includes a large, highly elevated 
pool called the “Rearing Pool” (E) which re- 
ceives flowage through a series of castellations 
along the fixed weir. This pool drains into an 
inlet along the main channel below the dam 
via several waterfalls called “Pool Falls” (F). 
Also included in this region is a 3.9-ha rela- 
tively flat expanse of fossil beds called the 
“Levee Triangle” (G) and a small slough whose 
inlet is located near the levee cailed “Levee 
Slough” (H). (5) The exposed bedrock covered 
with debris and vegetation along the Indiana 
shoreline called the “Indiana Shoreline” and 
an adjacent expanse of bedrock called the “In- 
diana Bank Fossil Beds Exposure” (I). 

Determination of potential entrapment areas 
and selection of study sites were determined 
after closure of the upper Tainter gates. Fol- 
lowing several closure events, we identified sites 
where fishes could be, or were being, stranded. 
These areas, shown in Figure 1, included: (1) 
the Outer Fossil Beds Region, (2) the Midlands 
Region, (3) the Levee Slough, (4) the Levee 
Triangle, (5) The Indiana Shoreline, and (6) 
the Indiana Bank Fossil Beds Exposure. 

After inspecting the area below the dam we 
decided to direct our attention primarily to the 
areas immediately below the upper Tainter 
gates, i.e., the Midlands Region (A), the Outer 
Fossil Beds Region (B), and the Indiana Shore- 
line Area (I), since stranding in other areas 
either did not occur, or the number of fishes 
stranded in the other areas were considered to 
be negligible in comparison, However, we did 
observe evidence that stranding of fishes on 
these downstream areas did take place during 
flow reduction at high-water levels and prior 
to complete closure of the upper Tainter gates. 


Stranding Survey Methods 


The numbers and species of fishes stranded 
on the exposed rock surface and entrapped in 
pools were determined by making total counts 
of all fishes within the study area. Represen- 
tative fishes of each species found stranded 
after a closure event were measured and 
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weighed. For those fishes for which only weight 
or length measurements were taken, we de- 
termined the weight-length relationships us- 
ing data and methods given by Carlander (18). 

Initially, our method of survey was to grid 
the area and count fishes within each square. 
Later, after several closure events, we num- 
bered and mapped out the location of major 
pools and then modified our survey method to 
count fishes in these pools first and then those 
on exposed rock surfaces between pools. Usu- 
ally 2 or 3 individuals simultaneously counted 
fishes of different species within an area. The 
average time required to make a total count 
of all species stranded was 4-5 hours. In order 
to make accurate night counts, we surveyed 
the area with the aid of lanterns and flashlights, 
first counting fishes in pools, and then waiting 
until daybreak to survey the remaining areas. 

Fisherman removals were monitored in or- 
der to obtain total numbers and biomasses of 
fishes stranded. Upon arriving at the site, we 
first established a check point and monitored 
removals if fishermen were actively collecting. 
We simultaneously monitored removals and 
surveyed the area. Access to the area (Fig. 1) 
by individuals is limited to 4 main routes, these 
include 3 foot trails (RI-R3) and by boats (R4) 
launched from either a vehicle access road (R3) 
or points further downstream. The limited 
number of access points to the area and the 
use of binoculars allowed us to make a fairly 
complete census of fishermen leaving the area 
with their “catch.” 


Environmental Factors and Dam 
Operation Characteristics 


Hourly gauge readings for the Ohio River 
at Louisville, Kentucky (at ORM 607.3), were 
obtained from the U.S. Geological Survey. 
Measurements of turbidity and water temper- 
ature at ORM 600.6 were obtained from the 
Louisville Water Company and were also made 
on the site following each closure event. As- 
tronomical data for Louisville, Kentucky, were 
obtained from the World Almanac, and log 
records of gauge heights and McAlpine Dam 
Tainter gate operation and L. G. & E. hydro op- 
eration were provided by the U.S. Army Corps 
of Engineers, Louisville District. 
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Data Analyses 


Single correlation and regression analyses and 
stepwise multiple regression analyses were used 
to aid in the determination of factors affecting 
the numbers of species stranded. Because num- 
bers and species of fishes stranded following 
the 20 and 23 June and 4 July 1984 closure, 
events were only estimated (we were not no- 
tified of these closure events) and data for these 
closure events were not used in the analyses. 
Therefore, unless specified, data for only the 
15 closure events completely monitored were 
used in the analyses. 

In each correlation or simple regression, the 
number of fishes stranded following each clo- 
sure event was used as the dependent variable. 
Separate analyses using: (1) Total, all species 
combined; (2) Total, all species combined ex- 
cluding emerald shiners (Notropis atherin- 
oides ); and (3) Total numbers of 15 individual 
species stranded in each closure event as the 
dependent variable were conducted. The 15 
species chosen were the 14 most abundant 
species stranded and the paddlefish (Polyodon 
spathula). Independent variables for correla- 
tion and regression analyses included the 24 
environmental and dam operation variables 
shown in Table 1. 

Stepwise multiple regression analysis was 
used to partition the effects of the independent 
variables on fish stranding. Because of the low 
number of samples (n = 15), we were limited 
in the number of independent variables to a 
maximum total of 13 which we could simul- 
taneously examine. Scatter plots, correlation, 
and regression analyses were used on these data 
to aid in the selection of independent variables 
for use in the stepwise multiple regression anal- 
yses. Our criteria for selection of variables for 
multiple regression analysis were statistical sig- 
nificance in the simple regression analyses or 
consistent positive or negative relationships. 
The 12 independent variables chosen for use 
in stepwise multiple regression analyses are in- 
dicated by an asterisk in Table 1. For each 
stepwise multiple regression analysis, indepen- 
dent variables with the smallest mean square 
were rejected in stepwise fashion until only 
those variables which were significant at the 
0.05 level remained. 

The data were also divided into 2 categories 
to examine the relationship between variables 
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for day and night/twilight closure events sep- 
arately. 


RESULTS 
Abundance and Diversity of Stranded Fish 


An annotated list of species observed strand- 
ed below McAlpine Locks and Dam and the 
total numbers and biomasses of fishes observed 
stranded following the 18 closure events is pre- 
sented in Table 2. Three closure events (20 and 
23 June and 4 July 1984) occurred without 
prior knowledge. The numbers and biomasses 
of species stranded on these 3 dates were es- 
timated. To estimate the numbers and bio- 
masses of fishes stranded following these clo- 
sure events, we calculated the mean number 
of fishes stranded following several closure 
events which occurred prior to and/or follow- 
ing these closure events. The numbers and bio- 
masses of fishes stranded following the 20 June 
1984 closure event were estimated by combin- 
ing data from the 13 June and 10 July 1984 
closure events. The numbers and biomasses of 
fishes stranded following the 23 June 1984 clo- 
sure event were estimated by combining data 
from the 20 June and 4 July closure events, 
and the numbers and biomass of fishes stranded 
following the 4 July 1984 closure event were 
estimated by combining data from the 10 and 
16 July 1984 closure events. 

A total of 188,687 fishes were stranded fol- 
lowing the 18 closure events which occurred 
between 11 June 1984 and 21 April 1985. A 
total of 166,437 fishes, of 54 species, were 
stranded following the 15 closure events which 
we were able to monitor. The mean number 
of fishes stranded following the 15 closure 
events monitored was 11,096 fish. When the 
numbers of emerald shiners were eliminated 
from the above totals, the total number of fishes 
of the remaining 53 species was 56,270, while 
the mean number stranded per event was 3,751. 

The 10 most abundant species observed 
stranded following the 15 closure events mon- 
itored, listed in decreasing order of abundance, 
were emerald shiner (Notropis atherinoides), 
freshwater drum (Aplodinotus grunniens), 
gizzard shad (Dorosoma cepedianum), moon- 
eye (Hiodon tergisus), smallmouth buffalo (Ic- 
tiobus bubalus), goldeye (Hiodon alosoides), 
sauger (Stizostedion canadense), skipjack her- 
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TaBLe 1. Environmental and Tainter gate operation 
characteristics used as independent variables in correlation 
and multiple regression (*) analyses. 


Independent variables 


Environmental characteristics 
Julian calender date 
Date of opening 
Date of closure 
Photoperiod 
Day of opening 
Day of closure 
Time of day 
Day of opening 
Day of closure* 
Discharge rate 
Time of opening 
Time of closure 
Lower pool elevation 
Time of closure* 
Instantaneous rate of fall* 
Mean rate of fall* 
Water temperature 
Day of opening 
Day of closure* 
Turbidity 
Time of opening 
Time of closure* 
Dam operation characteristics 
Upper Tainter gates 
Duration of previous closure event 
Instantaneous rate of opening 
Duration open prior to closure* 
Number of gates open immediately prior 
to final closure* 
Gate closure sequence* 
Mean rate of closure* 
Instantaneous rate of closure* 
Lower Tainter gates 
Gate footage open at the time of opening 
of the upper Tainter gates 


Gate footage open at the time of closure 
of the upper Tainter gates 


ring (Alosa chrysochloris), channel catfish (Ic- 
talurus punctatus), and blue sucker (Cyclep- 
tus elongatus ) (Table 2). Emerald shiners were 
the dominant species stranded (66.2 per cent). 
Their abundance, however, was extremely 
variable. Freshwater drum and gizzard shad 
made up 13.3 per cent and 11.9 per cent of 
the estimated total, respectively. The 17 next 
most abundant species made up 8.4 per cent, 
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TaBLE 2. Numbers and biomasses of fishes stranded and removed by fishermen below the upper-gated structure of 
McAlpine Dam following 18 closure events, 11 June 1984 to 21 April 1985. 


Removed Stranded Total 
Species No kg No kg No kg 
Ichthyomyzon unicuspis 1 0.03 1 0.03 
Scaphirhynchus platorynchus 1 1.65 5 8.32 6 9.97 
Polyodon spathula 16 109.10 10 68.27 26 117.37 
Lepisosteus osseus 2 1.96 412 611.13 414 613.09 
Lepisosteus platostomus 2 0.59 2 0.59 
Anguilla rostrata 7 3.28 ma 3.28 
Alosa chrysochloris 80 15.96 203.48 1,036 219.44 
Dorosoma cepedianum 590 47.24 2,068.13 30,670 DAES RY 
Hiodon alosoides 123 17.84 324.66 2,349 342.50 
Hiodon tergisus ] 0.09 " 595.84 6,529 595.93 
Campostoma anomalum 9 0.09 9 0.09 
Carassius auratus 3 0.93 3 0.93 
Ctenopharyngodon idella 1 3.64 2 7.28 3 10.92 
Cyprinus carpio 135 586.02 98 315.16 23° 901.18 
Ericymba buccata 5 0.05 5 0.05 
Hybopsis storeriana 20 0.60 168 5.04 188 5.64 
Hypophthalmichthys molitrix 2 7.28 2 7.28 4 14.56 
Notropis ardens 4 0.04 4 0.04 
Notropis atherinoides 178 1.78 110,592 1,105.92 110,770 1,107.70 
Notropis blennius 3 0.03 3 0.03 
Notropis chrysocephalus 5 0.05 5 0.05 
Notropis stramineus 16 0.16 16 0.16 
Notropis volucellus 6 0.06 6 0.06 
Notropis whipplei 1 0.01 1 0.01 
Semotilus atromaculatus 5 0.10 5 0.10 
Carpiodes carpio 12 8.73 494 369.40 506 378.13 
Carpiodes cyprinus 3 1.23 48 32.87 51 34.10 
Cycleptus elongatus 37 69.23 556 888.68 593 957.91 
Hypentelium nigricans 1 0.12 1 0.12 
Ictiobus bubalus 1,723 3,157.81 1,616 2,922.30 3,339 6,080.11 
Ictiobus cyprinellus 1 227. 10 19.84 ll 22.11 
Moxostoma anisurum 4 5.45 4 5.45 
Moxostoma carinatum ff 8.18 7 8.18 
Moxostoma duquesnei 1 0.68 1 0.68 2 1.36 
Moxostoma erythrurum 5 6.82 5 6.82 
Moxostoma macrolepidotum 1 0.53 425 207.78 426 208.31 
Ictalurus furcatus 3 10.91 3 10.92 6 21.83 
Ictalurus punctatus 657 490.44 270 164.50 927 654.94 
Pylodictis olivaris ll 3.12 BI 3.12 
Morone chrysops 2 0.46 45 10.71 47 ili aly/ 
Morone saxatilis 27 17.82 8 5.28 35 23.10 
Ambloplites rupestris 1 0.12 1 0.12 
Lepomis macrochirus 13 1.56 34 4.08 47 5.64 
Lepomis megalotis 1 0.06 1 0.06 2 0.12 
Micropterus dolomieui ll 7.46 26 17.14 37 24.60 
Micropterus punctulatus ll 4.42 11 4.42 
Micropterus salmoides 20 10.08 1 0.67 21 10.75 
Pomoxis nigromaculatus 10 3.00 10 3.00 
Etheostoma caeruleum 4 0.04 4 0.04 
Etheostoma nigrum 4 0.04 4 0.04 
Percina caprodes 5 0.15 5 0.15 
Stizostedion canadense 683 265.65 890 318.10 1,573 583.75 
Stizostedion vitreum 10 8.06 10 8.06 
Aplodinotus grunniens 4,062 1,373.15 24,634 8,785.33 28,696 10,158.48 


Total no. and kg 8,417 6,214.35 180,270 19,120.67 188,687 25,335.02 
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and the remaining 34 species made up only 
0.1 per cent of the total number of fish strand- 
ed. 

The mean number of individual species 
stranded below the dam following a closure 
event was 18. The numbers of fishes stranded 
following individual closure events varied con- 
siderably. The largest number of fishes (97,398) 
was stranded during the 13 August 1984 event. 
Of these, 90,953 were emerald shiners. The 
second largest number of fishes (15,194) was 
stranded following the 11 June 1984 event, 
when no emerald shiners or any other species 
of Notropis were observed. The fewest fish 
were stranded following the 22 January 1985 
closure, when one gizzard shad was found. 

The mean biomass of fishes stranded below 
the dam following each of the 15 closure events 
monitored was 1,365.9 kg. The event on 11 
June 1984 stranded the highest biomass of fish- 
es (5,850.58 kg), while the 22 January 1985 
event stranded the lowest biomass (0.02 kg). 

Presence and abundance of fishes stranded 
below the dam varied with season (Table 3). 
Stranded fishes were most abundant following 
closure events in the spring and early summer. 
Numbers declined in the fall, and very few 
fishes were stranded in winter. Seasonal peaks 
of abundance of several species were observed. 
Shovelnose sturgeon (Schaphirhynchus plato- 
rynchus), paddlefish, and skipjack herring were 
stranded in greatest abundance during spring. 
Gizzard shad, goldeye, mooneye, channel cat- 
fish, and freshwater drum were stranded in 
greatest abundance during both spring and 
summer. Common carp, blue sucker, small- 
mouth buffalo, shorthead redhorse, and sauger 
were stranded in greatest abundance during 
spring and fall; and longnose gar, emerald 
shiner, and river carpsucker were stranded in 
greatest abundance during both summer and 
fall. 

Of the 15 closure events monitored, 9 oc- 
curred during daylight hours, and 6 occurred 
during night/twilight hours. Goldeye, skipjack 
herring, common carp, blue sucker, small- 
mouth buffalo, shorthead redhorse, and chan- 
nel catfish were stranded in greatest abun- 
dance during day closure events. Shovelnose 
sturgeon, paddlefish, longnose gar, mooneye, 
and emerald shiner were stranded in greatest 
abundance during night/twilight closure 
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TaBLE 3. Time and date of closure and number of fishes 
stranded below the upper Tainter gates of McAlpine Dam 
following 15 closure events, 11 June 1984 to 21 April 1985 


Total, all 

combined 

Total, all excluding 

species Notropis 

Date Hour D/N* combined atherinoides 

06/11/84 1350 D 15,194 15,194 
06/13/84 0005 N 7,084 7,074 
07/10/84 1400 D 7,492 7,145 
07/16/84 0600 N 7,557 7,459 
08/13/84 2200 N 97,398 6,445 
08/18/84 0800 D 8,668 3,254 
08/19/84 1100 D 6,167 2,740 
11/01/84 0400 N 10,715 1,528 
11/02/84 1700 D 2,321 1,939 
11/05/84 1500 D 172 172 
11/17/84 0500 N 341 341 
11/25/84 1200 D 36 35 
12/09/84 1700 N 10 10 
01/22/85 1100 D 1 1 
04/21/85 0850 D 3,281 3,279 


* D = Day closure event, N = Night-twilight closure event 


events. Numbers of gizzard shad, river carp- 
sucker, sauger, and freshwater drum did not 
vary significantly with time of day. 

A total of 43,332 fishes, of 46 species, were 
stranded following the 9 daylight closure events 
monitored. The mean number of fishes strand- 
ed following day closure events was 4,813, while 
the range was from 1 to 15,194 fish (22 January 
1985 and 11 June 1984 closure events, respec- 
tively). When emerald shiners were eliminated 
from the above totals, the total number of fishes 
stranded was 33,759. 

A total of 123,105 fishes, of 39 species, were 
stranded following the 6 night closure events 
monitored. The mean number of fishes strand- 
ed following night closure events was 20,518 
fish, while the range was 1 to 97,398 fish (9 
December 1984 and 13 August 1984 closure 
events, respectively). Of the total 123,105 fish- 
es stranded following night closure events, 
100,248 were emerald shiners. 

The variation in total abundance of stranded 
fishes between day and night closure events is 
mostly attributable to the abundance of em- 
erald shiners. When numbers of emerald shin- 
ers were eliminated from the above totals, the 
mean numbers of fishes stranded following day 
and night closure events were 3,751 and 3,809 
fish, respectively. 
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Distribution of Stranded Fish 
below the Dam 


The occurrence and extent of stranding were 
found to be greatest in the area of the Outer 
Fossil Beds and in the area immediately below 
the upper Tainter gates. Generally, we ob- 
served the occurrence and abundance of 
stranded fishes to decrease with increasing dis- 
tance downstream from the dam below the 
upper Tainter gates. A similar trend of de- 
creasing occurrence and abundance was also 
observed with increasing distance from the 
Outer Fossil Beds, or the Kentucky side of the 
river, to the Indiana shoreline. 


Data Analyses 


Examination of statistically significant (0.05 
level) correlations obtained between number 
of fish stranded and environmental and dam 
operation characteristics indicated several gen- 
eral relationships. Positive correlations were 
obtained between number of fish stranded fol- 
lowing all closure events and photoperiod. With 
only one exception (shorthead redhorse), pos- 
itive correlations were obtained between num- 
ber of fish stranded and water temperature on 
the day of closure of the upper Tainter gates. 
Positive relationships were also obtained be- 
tween number of fish stranded and turbidity 
at the time of closure of the upper Tainter 
gates. Negative relationships were obtained 
between number of fish stranded following all 
closure events and discharge rate, lower pool 
elevation, and lower Tainter gate footage open 
at the time of closure of the upper Tainter 
gates. Positive correlations were generally ob- 
tained between number of fish stranded and 
rate of opening of the upper Tainter gates and 
the duration of time the upper Tainter gates 
were open prior to their subsequent closure. 
Negative correlations were consistently ob- 
tained between number of fish stranded and 
the number of upper Tainter gates open im- 
mediately prior to final closure. Negative cor- 
relations were generally obtained between 
number of fish stranded and rate of Tainter 
gate footage reduction during closure of the 
upper Tainter gates. Negative correlations were 
generally obtained between number of fish 
stranded and gate closure sequence. (The clo- 
sure sequence of closing Tainter gate number 
5 rather than closing Tainter gate number 9 
last stranded higher numbers of fish.) 
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DiscussION 


History of Fish Stranding below 
McAlpine Dam 


Interviews with many individuals familiar 
with the area in years prior to and after mod- 
ernization of McAlpine Locks and Dam in 1964 
suggested that, although stranding of fishes oc- 
curred prior to modernization, the rate of 
stranding increased after modernization. In- 
dividuals who had been present at the site at 
the time of closure of the old Chanoine wickets 
told us that few fishes were observed either 
stranded or entrapped after closure. It seems 
likely that stranding did not occur to any great 
extent because of the time required by crews 
to raise these wickets into place, resulting in a 
very slow rate of flow and water level reduc- 
tion. 

The stranding estimates presented for 1984— 
1985 may not be representative of the extent 
of stranding which occurred in previous years 
since modernization. The change in operating 
procedures on 13 June 1984 reduced the num- 
ber of openings and therefore the number of 
subsequent closures, which might have oc- 
curred using the procedures from previous 
years. Further, this change in procedure also 
resulted in maintaining a higher lower pool 
elevation immediately following a closure 
event, thus reducing the number of potential 
entrapment areas. 


Factors Influencing the Occurrence and 
Extent of Stranding 


Numerous investigators (2, 4, 5, 6, 7, 8, 10, 
19, 20) have related the extent of stranding of 
fishes due to water level fluctuations below dams 
and hydroelectric power plants to factors in- 
herent: (1) in the fishes themselves, (2) in the 
environment, and (3) in the operation of the 
structure. These factors have acted indepen- 
dently or in combination to influence the sus- 
ceptibility of fishes to stranding (2). The im- 
portance of these factors has varied on diel and 
seasonal bases and with species. For example, 
Thompson (7) observed that species, seasonal 
availability of fry in the area, tributary inflow 
below the dam, time of day of flow reductions, 
duration of the low flow, and topography of 
the river channel affected the occurrence and 
extent of stranding of salmon fry on the Skagit 
River, Washington, below Gorge Dam. 
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Most of the published literature relating fish 
stranding to water level fluctuations report the 
results of site-specific studies and involve sal- 
monids. Most of the fish stranding studies re- 
ported in the literature have been conducted 
in rivers and streams much smaller than the 
Ohio River. Another major difference between 
the situation at McAlpine and those described 
by other workers is that stranding of fishes at 
the Falls occurs directly below the dam, while 
other workers observed stranding to occur in 
shoreline and streambed areas farther down- 
stream from the hydroelectric power plant or 
dam. 

Tailwater habitats created by locks and dams 
are somewhat similar to natural river rapids, 
although tailwater habitat is often different 
because of the deep scour holes which typically 
exist below the locks and dams (11). Tailwater 
and riffle-pool type habitats, although small in 
area, are probably more heavily populated with 
fishes than any of the other habitats in rivers 
(3, 21). Further, fish populations in these areas 
also include many species not found in other 
riverine habitats (3). 

Many workers (22, 23, 24) have reported 
concentrations of warm-water fishes in tail- 
waters. Sauger, walleye, channel catfish, white 
bass, longnose gar and skipjack herring pe- 
riodically migrate to and inhabit these areas 
in great abundance (11, 21, 25). However, none 
of these authors adequately explained why 
warm-water fishes concentrate in these areas. 
Studies by Walburg et al. (26) in Lewis and 
Clark tailwater, in the Missouri River below 
Gavins Point Dam, Nebraska-South Dakota, 
found concentrations of fishes in the tailwater 
varying with season. Of the species collected 
below Gavins Point Dam, shovelnose sturgeon 
were most abundant in spring collections, while 
blue sucker, shortnose gar, sauger, and walleye 
were most abundant in spring and fall collec- 
tions. River carpsucker, channel catfish, and 
carp were most abundant during the summer; 
and except for sauger and walleye, fewest fish 
were taken during winter months. Seasonal 
changes in abundance of fishes in the tailwater 
were related to food abundance, activities re- 
lated to spawning, water temperatures and 
currents, and the dam acting as a barrier to 
further upstream movement (26). In the upper 
Mississippi River, Southhall and Hubert (27) 
attributed the spring abundance of paddlefish 
in tailwaters to activities related to spawning 
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TaBLe 4. Relative abundance (%) of the 20 most abun- 
dant species stranded below McAlpine Dam in 1984-1985, 
and collected in the ORSANCO Lock chamber samples 
of 1957-1985. 


Stranded ORSANCO 


1984-1985 1957-1985 
Species (n = 15) (n = 47) 
Notropis atherinoides 66.2 42.6 
Aplodinotus grunniens 13.4 14.3 
Dorosoma cepedianum 11.9 28.5 
Hiodon tergisus 2.8 * 
Ictiobus bubalus 1.6 0.1 
Hiodon alosoides 0.9 0.1 
Stizostedion canadense 0.8 0.1 
Alosa chrysochloris 0.5 2.3 
Ictalurus punctatus 0.5 3.0 
Cycleptus elongatus 0.3 0.0 
Carpiodes carpio 0.3 0.2 
Moxostoma 
macrolepidotum 0.3 0.0 
Lepisosteus osseus 0.2 0.1 
Cyprinus carpio 0.1 0.4 
Hybopsis storeriana 0.1 1.8 
Morone chrysops s = 
Carpiodes cyprinus * pa 
Morone saxatilis = ‘gi 
Micropterus dolomieui a * 
Lepomis macrochirus iy 0.2 
Other species 0.1 7.9 
No. of other species 34 37 
Total no. of species 54 57 
Total no. individuals all 
species 166,437 106,721 


* Less than 0.1% 


and feeding, preferred water temperatures and 
currents, and the dams acting as barriers to 
upstream movement. 


Factors Inherent in the Fishes 


Relative Abundances of Fishes 
in the Falls Area 


The relative abundances of the 20 most 
abundant species stranded below McAlpine 
Dam from 1984 through 1985 and collected 
in ORSANCO lock chamber samples (15) at 
McAlpine Locks and Dam between 1957 and 
1985 are presented in Table 4. The emerald 
shiner, freshwater drum, gizzard shad, moon- 
eye, smallmouth buffalo, goldeye, sauger, skip- 
jack herring, channel catfish, river carpsucker, 
shorthead redhorse, longnose gar, and common 
carp are abundant throughout most of the Ohio 
River (15). 

The blue sucker and shovelnose sturgeon 
have never been collected in the ORSANCO 
lock chamber samples at McAlpine Locks and 
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Dam. However, Pearson and Krumholz (15) 
reported observations of these species stranded 
at the Falls following closure events which oc- 
curred during 1981-1982. Commercial fish- 
ermen in the local area have said that the blue 
sucker and shovelnose sturgeon have become 
more abundant in the Falls area since 1970. 
Greater numbers were also observed stranded 
below the dam during this period. 

The paddlefish has been collected in the OR- 
SANCO lock chamber samples at McAlpine 
Locks and Dam, although in relatively low 
numbers. According to the local commercial 
fishermen this species is abundant in the Falls 
area, particularly in the tailwater areas of the 
dam, where they are usually found in deep 
scour holes in the tailwater below the lower 
Tainter gates. 

Comparison of species and relative abun- 
dances of fishes collected in the lock chamber 
samples and those stranded below the dam 
shows many similarities between the two data 
sets. For example, the three most abundant 
fishes in the lock chamber samples (emerald 
shiner, gizzard shad, and freshwater drum) 
were also the three most-stranded fishes. Fishes 
which were stranded in proportions greater 
than their presence in the lock chamber studies 
were mooneye, goldeye, smallmouth buffalo, 
sauger, and shorthead redhorse. Species which 
were stranded less often than would have been 
predicted by their abundance in the lock 
chamber samples were channel catfish, most 
centrarchids, and silver chub. Thus, the rela- 
tive abundances of fishes in the Ohio River 
near the Falls will be most important in de- 
termining relative numbers of each species 
stranded, although some species may exhibit 
behaviors which make them more or less sus- 
ceptible to stranding. 


Responses to Flowing Water 


It is well documented that various species 
are distributed according to current (3). For 
example, Minckley (28) reported a gradient in 
species in the Ohio River from relatively swift, 
deep, hard-bottomed areas to deeper, quiet, 
soft-bottomed areas. The species composition 
along this continuum changed from skipjack 
herring, silver chub, shorthead redhorse, and 
sauger in swift waters; to mooneye, emerald 
shiner and channel catfish; followed by long- 
nose gar and freshwater drum; then gizzard 
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shad, common carp, river carpsucker, small- 
mouth buffalo and spotted bass; and finally to 
quillback, bigmouth buffalo, bluegill, large- 
mouth bass, white crappie and black crappie, 
in fairly quiet waters. The blue sucker and 
shovelnose sturgeon also prefer or require swift 
flowing waters over hard bottoms (29, 30, 31). 
The paddlefish inhabits slow-moving waters of 
rivers, although they are often observed to con- 
centrate in tailwaters, particularly in deep scour 
holes below dams near wing dams, rock piles, 
and bridge supports, which provide reduced 
current and eddies (27). 

The preference of a species for flowing water 
and the nearby availability of shelter from cur- 
rent may influence the stranding of fishes in 
various ways. The deflector wall below the up- 
per-gated structure modifies flow over the Out- 
er Fossil Beds, providing an area of quiet water 
behind it and a zone of relatively quiet water 
extending from it. Further, the pools in the 
basin and the presence of boulders over the 
Outer Fossil Beds also offer shelter from cur- 
rent. Fishes may also find areas of reduced 
current directly below the dam apron. The 
water flowing through the Tainter gates is shot 
out and over the spillway and into the area 
below the dam apron. This creates a pocket of 
reduced current in the area directly below the 
dam apron. In these areas fishes, after nego- 
tiating the faster flows, may find areas of shel- 
ter from current. The pools and areas of rel- 
atively quieter water in the Outer Fossil Beds 
and Midlands Region may be points of con- 
centration because of preferred depths and ve- 
locities. Fishes which normally are found in, 
or prefer, swift waters (i.e., shorthead redhorse, 
skipjack herring, blue sucker) may be more 
susceptible to stranding than species which 
prefer quiet waters (ie., bluegill and large- 
mouth bass). However, because of the presence 
of the deflector wall and the presence of basins 
in the rock face, fishes which normally prefer 
quiet waters may also be susceptible to strand- 


ing. 
Seasonal Movement and Migrations 


Many warm-water stream fishes typically 
move most in the spring, little in the summer, 
move again in the fall, and become relatively 
inactive in the winter (3). Most temperate 
species of riverine fishes reproduce in the 
spring, and many riverine species migrate for 
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the purposes of reproduction (3). Species such 
as shovelnose sturgeon, paddlefish, gars, skip- 
jack herring, mooneyes and goldeyes, cypri- 
nids, suckers, including the blue sucker, short- 
head redhorse and river carpsucker, channel 
catfish, white bass, and sauger are often con- 
sidered to undertake upstream migrations prior 
to spawning (3, 25, 29, 30, 31, 32). Other species, 
such as the emerald shiner, freshwater drum, 
gizzard shad, common carp, and smallmouth 
buffalo move from deeper waters into near- 
shore areas to spawn (15, 29, 30, 31, 32, 33). 
Adults of many species tend to remain in shal- 
low water during the summer, as do young- 
of-the-year of many species (33). During the 
fall, adults and young of many species, in- 
cluding emerald shiner, freshwater drum, giz- 
zard shad, goldeye, common carp, channel cat- 
fish, and longnose gar, move into deeper waters 
for the winter (3, 18, 31, 32). Paddlefish may 
move into embayments and backwaters, where 
they are available, to overwinter (27). 

Closure events during the spring may strand 
individuals of those species which undertake 
upstream migrations and/or those species 
which enter tailwaters or shallow waters prior 
to spawning. The tendency of individuals to 
move into, or to remain in, shallow water dur- 
ing the summer may also influence their avail- 
ability to stranding. Closure events during the 
fall may strand fishes as they migrate either 
upstream or downstream during their fall mi- 
grations to deeper water. Species which over- 
winter in deep water, embayments, etc., may 
be relatively less abundant in the Falls area 
during the winter months and thus may be less 
susceptible to stranding during that time. Diel 
peaks of activity and associated offshore-on- 
shore and vertical movements of fishes may 
also influence the relative abundance of species 
in the shallow waters below the dam prior to 
a closure event. 


Reproductive Behavior 


Walburg et al. (26) found concentrations of 
ripe common carp, river carpsucker, blue suck- 
er, walleye and sauger in the tailwaters of Gav- 
ins Point Dam in the Missouri River during 
the spring spawning season. 

The use of the unique Falls area for spawning 
and as rearing habitat will influence the avail- 
ability of spawning adults and young of rare 
species to stranding. 
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The emerald shiner, freshwater drum, giz- 
zard shad, mooneye, and goldeye, which spawn 
in open water over sand, gravel-rock sub- 
strates, or simply in open water, probably spawn 
in the main channel and main channel border 
(15). The skipjack herring, redhorses, blue 
sucker, sauger, paddlefish, and shovelnose stur- 
geon, which spawn and deposit their eggs over 
clean gravel-rock substrate, probably spawn in 
the main channel border and shore debris zone 
where gravel deposits are available and in the 
tailwaters below the dams where sand, gravel 
and bedrock substrates are available. The river 
carpsucker, smallmouth buffalo, longnose gar, 
and common carp, which spawn over live or 
dead flooded terrestrial or aquatic vegetation 
if it is available, or rock-gravel substrate if it 
is not, probably spawn in the shore debris zone, 
and side channel areas of the river. 

Reproductive activity for species known to 
occur commonly in the Ohio River usually takes 
place over a one- to two-month interval with 
a recognizable period of several weeks in which 
peak egg and larval abundance occur (34). 
Pearson and Krumholz (15) found that fish eggs 
and larvae first appear in the river in April 
and reach peak densities in May and June of 
each year and decline dramatically thereafter. 
Activities related to spawning may cause fishes 
to become more fatigued (35), affecting their 
susceptibility to stranding. 

The peak abundance of several species dur- 
ing the spring closure events may have been 
related to spawning activity. Freshwater drum, 
gizzard shad, skipjack herring, common carp, 
shorthead redhorse, smallmouth buffalo, and 
channel catfish were stranded in peak abun- 
dance during their reported spawning periods 
and optimum spawning temperatures. 

Factors Inherent in the Environment 
Season 

Season or seasonal changes in environmental 
factors which induce hormonal and physiolog- 
ical responses have been observed to be im- 
portant in determining activity, migration, re- 
production, movement and depth responses 
and, therefore, distribution of fishes (36, 37). 
Seasonal changes in activity of various species 
may be influenced by numerous environmen- 
tal factors (3). The most important of these 
appear to be temperature, photoperiod, dis- 
charge, and food (3). 
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Time of Day 

Fishes exhibit definite diel activity patterns 
as do most animals. Gizzard shad and common 
carp are diurnal, while others, such as longnose 
gar, goldeye, channel catfish, and walleye, are 
nocturnal (25, 31, 32, 38) and sauger are cre- 
puscular (39). 

Diel movement patterns, off- and inshore 
movements into shallow water and vertical mi- 
grations and movements to and from the bot- 
tom may also be associated with these diel 
peaks of activity (35). Many diurnal species 
such as carp move into shallow waters during 
the day to feed and at evening move back into 
deeper waters (29, 38). Many noctural species 
(i.e., channel catfish and walleye) move inshore 
at dusk to feed in shallow water and then move 
back to deeper water during the early morning 
(32, 40). 

Diel peaks of activity and inshore-offshore 
movements may result in diel peaks of abun- 
dance of species in the shallow rapids and shoal 
areas of the Outer Fossil Beds Region. We ob- 
served greater numbers of nocturnal species, 
including longnose gar and goldeye, stranded 
following night closure events and greater 
numbers of diurnal species, including common 
carp, stranded following day closure events. 
However, we observed channel catfish strand- 
ed in greater abundance following day closure 
events, and we did not observe any appreciable 
difference between numbers of sauger and giz- 
zard shad stranded following day and night 
closure events. Light intensity may be the prin- 
cipal factor controlling or triggering diel ac- 
tivity and diel movement patterns in many 
species, and factors (i.e., turbidity and turbu- 
lence) which determine subsurface illumina- 
tion levels may alter normal diel activity and 
movement cycles (35, 40). 


Factors Inherent in the Operation of 
McAlpine Dam 


Available food resources, swift, highly oxy- 
genated waters, and clean rock-gravel sub- 
strates are among the factors that make tail- 
waters excellent habitat for many species 
including sauger, walleye, paddlefish, and 
channel catfish (11). Navigation dams like 
McAlpine, having a gated structure with bot- 
tom-release Tainter gates and an apron, make 
upstream movement of fishes difficult if not 
impossible at low flows; and even at flood stages 
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when the gates are fully open it is thought that 
the upstream movement of some fish may still 
be restricted (15). 


Lower Tainter Gate Operation 


The level of the lower pool elevation will 
determine in part the specific areas and 
amounts of dewatered rock surface following 
a closure event. Following closure events when 
the lower Tainter gates were at 7.3 m and the 
lower gauge reading ranged from 5.1 to 5.7 
m, we observed that the Midlands Region di- 
rectly below the dam was almost completely 
covered with water. When the lower Tainter 
gates were already closed (at 0 m) and the 
lower gauge was at 3.9 m, we noticed a sig- 
nificant increase in the total area dewatered 
by a closure event. This may have increased 
stranding in the Midlands Region. However, 
the 2 closure events which occurred under the 
latter conditions also occurred when the fishes 
were more abundant in the tailwater. Also, the 
percentage of fishes stranded in the Midlands 
Regions did not appear to vary significantly 
with lower gauge reading between closure 
events. Further, it appeared that because this 
area has fewer potential entrapment areas than 
the Outer Fossil Beds Region the lower pool 
elevation had little effect on stranding, at least 
in terms of determining the amount of expo- 
sure of the bedrock. It appears that the neg- 
ative correlations obtained between number of 
fish stranded and discharge, lower pool ele- 
vation, and lower Tainter gate footage open at 
the time of closure of the upper Tainter gates 
may have been due largely to the 2 closure 
events which occurred during the spring when 
the fishes were in peak abundance in the tail- 
water. 

Lower Tainter gate operation may have also 
reduced the attraction of fishes to the tailwater 
below the upper Tainter gates. Keeping high 
flow through the lower gates and low flow 
through the upper Tainter gates prior to a clo- 
sure event creates slack water in the area below 
the upper Tainter gates, slowing the flow from 
the upper Tainter gates before it reaches the 
area near the lower Tainter gates. This may 
have made the area less attractive to fishes 
prior to subsequent closure events. 


Upper Tainter Gate Operation 


Several aspects of upper Tainter gate op- 
eration will determine the distribution of flows 
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in specific areas below the dam. The distri- 
bution of flow and depth and the rate and 
magnitude of fluctuation over specific areas 
will depend upon gate footage open on specific 
gates, rates of closure, and gate closure se- 
quence. 

Gate Footage Open on Specific Gates Prior 
to Closure.—At given flow, the distribution 
of flow and depth over the area below the dam 
will depend upon the number of gates open 
and gate footage open on individual gates. For 
example, at a given gate footage, having only 
gate number 9 open will result in lower dis- 
charge, flow and depth over the Outer Fossil 
Beds Region than would having only gate 
number 5 open at the same footage. The extent 
of stranding was generally found to be nega- 
tively related to the number of gates open im- 
mediately prior to complete closure (the fewer 
the number of gates open, the greater the 
stranding problem). 

Gate operation at low flow affects reaeration, 
since a given discharge through a few gates 
reaerates more efficiently than the discharge 
through many gates (41). Thus the negative 
relationship between number of gates open and 
number of fish stranded may suggest that in- 
creased dissolved oxygen concentrations (and 
perhaps greater overhead turbulence cover) at- 
tracted more fish to the shallow water below 
the dam. 

Having only a few gates open prior to a 
closure event, especially on the Kentucky side 
of the dam nearest the Outer Fossil Beds Re- 
gion, may also have caused the fish to concen- 
trate where the topography of the area was 
most likely to induce stranding, 

Rate of Closure.—Other workers (2, 4, 6, 7, 
8, 10, 19) have found the rate at which flows 
and water levels are reduced is partially related 
to the extent of stranding of fishes. Evidently, 
slow flow reduction rates provide fishes with 
time to reach the safety of deep water. 

Although the published literature relating 
fish stranding to water level fluctuations re- 
ported stranding of fishes to be positively re- 
lated to rate and magnitude of flow reductions, 
we generally observed the opposite relation- 
ship. However the dam operation logs do not 
make exact determinations of closure rates pos- 
sible. We did observe a positive relationship 
between numbers of several fishes stranded and 
the rate of fall of the lower pool elevation. 

As the gates are closed and the water quickly 
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recedes from the Outer Fossil Beds Region, 
many fishes are carried away with the receding 
waters. This “washing away” effect would be 
greatest closest to the gates, in the main chan- 
nel, and in other areas with steep gradients 
and few entrapment basins. If a fish is passively 
carried by the receding waters or is not strong 
enough to swim against the flow, it could then 
be carried by the receding waters until it hits 
an obstruction or is caught in a pool. A small 
fish may be carried away while a larger fish, 
which is capable of swimming against the cur- 
rent, maintains its position until the area is 
entirely dewatered, and it is stranded. 

Rapid flow reductions may then result in 
higher stranding rates for larger individuals 
and for fishes fatigued by such activities as 
sustained swimming and spawning. Rapid flow 
reductions may also result in higher stranding 
rates during periods of low temperatures. 

Gate Closure Sequence.—The upper Tain- 
ter gates were always closed sequentially, with 
gate number 5 usually being closed first, and 
then in sequence, gates number 6 through 9; 
occasionally the reverse sequence was used. 
The duration of time between closure of in- 
dividual gates varied considerably. 

Manipulation of spillway gates near fishways 
has sometimes made it possible to guide fish 
to the ladder (42). Changing water levels in 
streams have also been demonstrated to induce 
movements of fishes (43). Bjorn (44) studied 
movements of steelhead trout in a stream dur- 
ing changing water levels and found that they 
moved laterally to velocity conditions similar 
to those which existed before the change in 
level. 

During a closure event, as gate footage is 
stepped down and as the gates are closed in 
sequence, fishes may move upstream or lat- 
erally in response to falling water levels, par- 
ticularly those species which prefer fast flow- 
ing waters (i.e., blue sucker, shorthead redhorse, 
skipjack herring) in order to maintain them- 
selves in the swift waters still available. Simi- 
larly, those fishes which prefer quieter water 
may move to areas where gate closure has re- 
sulted in areas of reduced flow. Fishes may 
also move in response to gate closures to main- 
tain themselves in the turbulent waters which 
provide overhead cover. 

Because of the topography of the bedrock, 
the number of potential entrapment areas pro- 
gressively decreases from the Outer Fossil Beds 
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Region to the Indiana Shore. Therefore, if gate 
9 is closed first, fishes may move to the Outer 
Fossil Beds Region where the potential for 
stranding is highest. 

Frequency of Closure Events.—The dura- 
tion of a closure is dependent on precipitation 
and runoff in the Ohio River Basin. Although 
many of the pools below the dam do not dry 
up for days (or weeks) few pools are large 
enough to maintain fishes beyond, at most, a 
few hours or days. Therefore, unless flows are 
quickly resumed, all stranded fishes eventually 
die. 

The positive relationship observed between 
the duration of time the upper Tainter gates 
were open prior to a closure event and number 
of fishes stranded could occur for several rea- 
sons. First, the longer the gates are open, the 
longer the excellent habitat is available, and 
the greater the chance that fishes will move 
into the area. The rates of movement and re- 
colonization are probably greatest during 
spring, summer and fall, and least during the 
winter. The alterations in habitat associated 
with gate closures and openings result in a 
redistribution of species. On the day following 
a closure event, we often noticed the almost 
complete absence of visible fishes in the shal- 
low water below the dam, even though fish 
had been visible in large numbers immediately 
before the closure. After the gates were closed 
for several weeks, we continued to note the 
absence of visible fishes in the shallow water 
below the dam and in the channel area below 
the dam. Local fishermen have also observed 
and commented upon this, and very few peo- 
ple bother to fish in the area when the dam in 
completely closed. 


RECOMMENDATIONS 


Recommendations for minimizing fish losses 
must be compatible with navigation needs on 
the Ohio River, operation requirements of 
McAlpine Locks and Dam, and the project 
purposes for which the Falls of the Ohio Na- 
tional Wildlife Conservation Area was estab- 
lished. The U.S. Army Corps of Engineers is 
concerned with reducing stranding of all fishes, 
particularly the shovelnose sturgeon, paddle- 
fish, and blue sucker, species which are now 
protected within the WCA (13, 45). 

The 1984-1985 operational procedure may 
have reduced fish strandings compared to ear- 
lier years. However, area users (fishermen) re- 
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ported 2 undesirable side effects that they at- 
tributed to the operating procedures. These 
were siltation and loss of fishery resources. Users 
contend that, due to the reduced flow from the 
upper Tainter gates, suspended silt carried by 
high flows dropped out in the stretch of the 
river between the upper and lower Tainter 
gates. Sediment deposition was reported to be 
in quantities large enough to alter channel con- 
figuration, depth, and substrate quality. Users 
reported that this sedimentation problem oc- 
curred after the change in operating proce- 
dures. Users further contended that this sedi- 
mentation resulted in a reduction in fish use 
of the area below the upper Tainter gates for 
spawning and feeding. The Corps is currently 
refining operation procedures and has _pro- 
posed 2 new procedures to address the major 
concerns expressed to date (46). 


(1) Closure Procedure following 
Sustained High Flows 


When the river reaches a stage when gate 
closings can begin, the lower gates will be closed 
before the upper gates. When a total of 10.4 
m is reached, upper gate numbers 5-8 will be 
closed and a total of 7.3 m be opened on the 
lower Tainter gates; and gate 9 will be opened 
3.0 m. At this gate setting the lower pool el- 
evation should be near 7.0 m. The reason for 
maintaining 7.3 m on the lower Tainter gates 
is to create a slackwater area below the upper 
Tainter gates several days prior to closure of 
gate numbers 5-8 in the hopes that fishes will 
leave the area before closure. This procedure 
will also allow the high flows through the upper 
Tainter gates, thus reducing sedimentation be- 
tween the upper and lower gates. Further re- 
ductions would be made on the lower Tainter 
gates until a total of 2.4 m of gate is reached. 
When this is reached, further reductions would 
be divided between the upper and lower gates 
to a total of 1.8 m on gate 9 and 1.2 m on the 
lower gates. To go to fully closed, the lower 
gates would be closed first, and then upper gate 
9. Gate 9 should be left open as late as possible 
through the spring and summer to provide con- 
tinuous flow down the channel to aid spawning 


and bank fishing. 
(2) Opening/Closure Procedure 
following a Shutoff 


When the gates are closed and a release be- 
comes necessary, it is proposed that 3.0 m would 
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be opened on gate 9 first, with additional re- 
leases being made through the lower gates. The 
lower gates would be opened to a total of 7.3 
m. This operation would avoid inundating the 
Outer Fossil Beds, because at this rate of flow 
and lower pool elevation there would not be 
adequate flow to maintain a slackwater area 
over the stranding area. If no near-term clo- 
sures are anticipated, the proportion of flow 
release through the upper Tainter gates would 
be increased. To close the gates, the lower 
Tainter gates would be closed first. followed 
by gate 9. 

The extent of stranding is very low during 
the cold-water months (November—March). 
Thus the operations to maintain a slackwater 
area below the upper Tainter gates prior to a 
closure event would, in our opinion, be un- 
necessary during the months of November- 
March. To simplify operations and reduce 
sedimentation, a higher proportion of releases 
could be made through the upper Tainter gates 
during the cold-water months of November- 
March. 

The occurrence and extent of stranding could 
further be reduced by the following proce- 
dures: (a) Altering the time of day of closure 
of the upper Tainter gates to correspond to a 
time when stranding of important species 
would be reduced. If gate footage is open on 
the lower Tainter gates, this could be accom- 
plished by shifting or closing gate footage on 
the lower Tainter gates first, and by continuing 
to do so for a period of several hours until the 
period of minimal stranding for the species 
being considered is reached (i.e., daylight being 
minimal for paddlefish). (b) Have all 5 upper 
Tainter gates open immediately prior to final 
closure. (c) Reduce total Tainter gate footage 
on the upper Tainter gates as slowly as possible. 
(d) Use the closure sequence of closing Tainter 
gate number 9 last. 

We believe that reducing gate footage slow- 
ly, rather than at a very rapid rate, would allow 
fish more time to respond and a better chance 
to escape; and this is the procedure that should 
be used. When all 5 upper Tainter gates are 
open, the gates should be closed using sequence 
of 5 to 9. As the gates are closed in sequence, 
the fishes will respond and leave the Outer 
Fossil Beds. In order to allow the fishes ade- 
quate time to respond and escape, gate footage, 
particularly on gate number 5, should be re- 
duced at a very slow rate. Further, as the gates 
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are closed in sequence, the duration of time in 
between closure of individual gates should be 
as long as possible. 

If a situation arises where all 5 gates are 
open and flow conditions require that gate 
footage be rapidly reduced, gates 8 or 9 could 
be rapidly closed; and when time would allow, 
gate footage on gate number 5 could then be 
reduced slowly and shifted to the previously 
closed gate. Thus, in almost any situation gate 
footage on the critical gate 5 could be reduced 
slowly. 

Once gates 5-8 have been closed and gate 
9 remains open, this gate could be closed at a 
rapid rate if the need arose. Stranding should 
be minimal in the area below this gate as there 
are few potential entrapment areas, and those 
that do exist are small in area. Further, using 
the procedure of opening gate 9 first to a total 
of 3.0 m before opening of the remaining Tain- 
ter gates should be used since at that gate foot- 
age the Outer Fossil Beds is not inundated (45). 

The occurrence and extent of stranding could 
also be reduced by the following physical al- 
terations: (1) Reduce the number and/or size 
of potential entrapment areas by filling in ma- 
jor pools in the Outer Fossil Beds with coarse 
gravel or rock. This material might need to be 
replaced after high flows have topped the dam 
but would, as we have observed, remain in the 
pools during moderate to low flow conditions. 
Although this would only affect very small and 
scattered areas of the Outer Fossil Beds, and 
suitable material is already present in the area, 
the recommendation is not considered feasible 
at this time as it would interfere with the scenic 
values and interpretive uses of the fossilized 
coral reef. (2) Physically alter the fossil beds 
to provide flowage and/or escape routes for 
major pools. For example, a small area of the 
fossil beds could be chipped away to provide 
flowage into the pools located near the deflec- 
tor wall. This would also allow fishes in these 
pools to escape. This recommendation may not 
be compatible with the WCA purpose of pre- 
serving the fossil beds in their natural state. (3) 
Provide flowage over the Outer Fossil Beds by 
the addition of 1 or more additional castella- 
tions cut into the fixed-weir. These could be 
positioned to provide flowage through the ma- 
jor pools, reducing the rate of mortality of fish- 
es entrapped in pools and increasing the extent 
to which stranded fish could be utilized by 
humans, shorebirds, and other wildlife. Some 
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fishes might survive until the upper Tainter 
gates were reopened and escape became pos- 
sible. However, this modification might ac- 
tually increase stranding rates by inducing fish- 
es to remain in the Outer Fossil Beds longer 
during a closure event. Experiments with 
pumped water might be used to determine the 
feasibility of this recommendation prior to im- 
plementation. 


SUMMARY 


The stranding of fishes at the Falls of the 
Ohio River has been shown to be a significant 
source of mortality at a place where both fishes 
and humans concentrate. 

We believe that the new operation proce- 
dures as proposed by the Corps will minimize 
fish stranding, reduce siltation, and improve 
fishery resources in the Falls area. We believe 
fish stranding can further be reduced by al- 
tering the time of closure, closure sequence, 
and rate of gate footage reduction in the upper 
Tainter gates of McAlpine Dam as we have 
previously outlined. Further efforts to reduce 
these mortalities will benefit fish populations, 
improve local fisheries, and make a trip to the 
Falls fossil beds a pleasant and enjoyable ex- 
perience for all visitors. 
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Observations of Chalcoela iphitalis (Pyralidae) Inhabiting 
Polistes fuscatus (Vespidae) Nests in Kentucky 


T. J. Neary AND Douc as L. DAHLMAN 


Department of Entomology, University of Kentucky, Lexington, Kentucky 40546-0091 


ABSTRACT 


The larvae of Chalcoela iphitalis (Pyralidae: Glaphyriinae) feed on the eggs, larvae, and pupae of several 


Polistes species. The wasp nests are contaminated with a network of webbing made by the lepidopteran 


larva as it moves within the nest. The Chalcoela cocoons are spun within cells of the wasp nest. They are 


well entrenched and nearly impossible for the wasp to remove. The second generation overwinters as a last 
instar larva in this cocoon. Pupation occurs in the early spring and subsequent emergence of first generation 
moths coincides with the building of nests by the overwintering Polistes queens. Chalcoela iphitalis (Walker) 
is common in the western United States but, until recently, has not been found infesting Polistes nests in 


Kentucky 


INTRODUCTION 


Chalcoela iphitalis (Walker) was first iden- 
tified in 1859, with a questionable type-locality 
of South Africa. Munroe (1) recorded the species 
to be widespread in the western half of North 
America “ranging from British Columbia to 
California and eastward to Michigan and 
southern Ontario in the North, and to Texas 
in the south. It also extends through Mexico 
and into Guatemala.’ Several adults have been 
recorded in the western and north central Ken- 
tucky counties of Jefferson, McCraken and 
Kenton (Dr. Charles Covell, University of 
Louisville, pers. comm.). 

In the course of related studies with vespids, 
we observed that a significant number of the 
nests were infested with some then unidenti- 
fied Lepidoptera larva. We report here our 
subsequent investigations related to these ini- 
tial observations. 


MATERIALS AND METHODS 


In the early summer of 1984, one of the 
authors (T.J.N.) found larvae of C. iphitalis 
infesting 5 of 11 Polistes fuscatus (F.) nests at 
the University of Kentucky South Farm in 
Fayette County. All the nests were occupied 
by the “host” wasp. One of these nests was 
separated from the adult wasps, brought into 
the laboratory, and placed in a 3.8-liter glass 
jar where, subsequently, 4 moths emerged. The 
original nest was removed from the jar and 
replaced with a nest uninfested by the moth 
and containing P. fuscatus eggs, larvae, and 
pupae. Adult wasps were not included in the 


jar. A plastic, 60-ml cup filled with a 10% su- 
crose solution and fitted with a cotton wick was 
provided as a food source for the moths. Two 
days later, 65 oval yellow eggs approximately 
1 mm long and 0.5 mm wide were found ad- 
hered to the face and sides of the new nest. 

At this time a worker paper wasp was placed 
on the nest for the purpose of wasp larval feed- 
ing. Small larvae of tobacco hornworms, Man- 
duca sexta (L.), and tobacco budworms, He- 
liothis virescens (F.), were dipped in honey 
and provided to the wasp which would then 
chew them into small balls to feed to the P. 
fuscatus larvae. Observations on the devel- 
opment of the C. iphitalis in the P. fuscatus 
nest were followed daily from egg hatch and 
are described below. 


RESULTS AND DISCUSSION 


Within 2 days of oviposition, the C. iphitalis 
eggs had turned from yellow to an orange color 
and 2 first instar larval eyespots were visible. 
By day 5, all but 1 of the eggs had hatched; 
however, cursory examination of the jar and 
nest revealed no larvae. Upon close inspection 
of the nest with a dissection microscope, sev- 
eral C. iphitalis larvae approximately 3 mm 
in length were observed within the cell struc- 
tures and 1 larva was viewed while feeding on 
a P. fuscatus egg. 

During the first week after egg hatch, and 
after the initial day-1 observation, no C. iphi- 
talis larvae were seen, even though 11 of the 
P. fuscatus larvae had disappeared. It is pos- 
sible they were consumed by the P. fuscatus 
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worker or fed to other wasp larvae by the work- 
er. 

Eight days after egg hatch, a lepidopteran 
larva was observed spinning a web in a vacant 
cell within the nest. The larva was approxi- 
mately 8 mm long with 3 pairs of true legs and 
5 pairs of prolegs. The nest was dissected and 
a total of 7 C. iphitalis larvae, 6 to 8 mm long, 
were observed moving near the base of the 
paper cells. Two cells, each containing a par- 
tially eaten wasp pupa (50-80% consumed) also 
contained 1 of these C. iphitalis larva. Since 
these cells were capped with a silk-like sub- 
stance spun by the last instar wasp larvae, the 
wasp pupae had to have been eaten from with- 
in. Also, at the bottom of these cells were small 
holes leading to adjacent cells which presum- 
ably allowed the C. iphitalis larvae to migrate 
between cells as observed by Gillaspy (2). 

Within several days, all 7 of the C. iphitalis 
larvae spun cocoons within the paper wasp 
nest. These cocoons were tube-like, multilay- 
ered, and attached vertically within the paper 
cell with a sleeve opening facing out of the 
nest. They were held at room temperature for 
approximately 4 months and then dissected to 
reveal a desiccated larva in each. Based on 
information we now know, we assume that the 
larvae died as the result of desiccation prior to 
pupation, which occurs after the larval dia- 
pause. 

In November of 1984, 12 abandoned Pol- 
istes nests were found on the University of 
Kentucky South Farm (abandoned nests could 
not be positively identified as P. fuscatus). All 
of the cells in the nests had some degree of 
webbing and/or cocoons (average = 16%) typ- 
ical of C. iphitalis. 

In April of 1988, 18 Polistes spp. nests aban- 
doned from the previous season were collected 
from the South Farm. All had some webbing 
or cocoons typical of C. iphitalis but the num- 
ber of infested cells was not counted. Three of 
these nests were dissected and examined for 
C. iphitalis. One of these nests accommodated 
3 C. iphitalis cocoons with live larvae while a 
second contained 3 dead, brown larvae that 
were not yet desiccated. The third held C. 
iphitalis cocoons containing cast pupal exu- 
viae. Our observation of larvae inhabited nests 
concur with research which demonstrated that 
C. iphitalis overwinter as larvae (3). The pupal 
exuviae in the third nest were either from a 
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previous season or from the first generation 
which emerged in mid-summer. We believe 
that the latter is true since nests 2 seasons old 
tend to be well decayed and would not have 
been collected. 

The remaining 15 nests from the April 1988 
collection were placed in separate paper con- 
tainers and left at normal outdoor Kentucky 
temperatures. Only | of the nests produced C. 
iphitalis adults. One female and 3 males 
emerged from that nest on 26 May 1988, co- 
inciding with the presence of Polistes “queen” 
nests in the area which were several weeks old 
at that date. 

Eleven of 12 abandoned Polistes spp. nests 
found on the South Farm in November of 1988 
were infested to some degree. Only those cells 
containing cocoons typical of C. iphitalis were 
counted (in the 1984 study, cells containing 
webbing were counted in addition to cells 
holding cocoons). It was found that an average 
of 16% of the cells contained C. iphitalis co- 
coons (range 2-70%). 

The 1 uninfested nest was found within an 
abandoned trailer and might be considered un- 
apparent to C. iphitalis as opposed to the rest 
of the nests which were under the eaves of 
buildings and visible. Nelson (3) suggested that 
Polistes spp. nests built in visible areas, such 
as on buildings, were infested to a higher de- 
gree than those built in shrubs, trees, or under 
bridges. 

More recently, cocoons with live larvae re- 
sembling those discovered at South Farm were 
found infesting an abandoned Polistes spp. nest 
in Bourbon County, Kentucky. Due to the lack 
of a larval key for this species, and the fact 
that adults have not been identified, we can 
only assume that it is C. iphitalis or, less likely, 
Chalcoela pegasalis (Walker), another species 
known to inhabit Polistes spp. nests. We are 
uncertain of the extent of the eastern distri- 
bution of C. iphitalis at this time, but the fre- 
quency of its occurrence in the Lexington area 
suggests that it is well established. 

On some occasions, dissection of C. iphitalis 
cocoons revealed the larvae, pupae, or adult 
stage of a parasitoid chalcid wasp. These have 
been identified as members of the family Pter- 
omalidae. They would seem to have fed on the 
C. iphitalis larvae since the remains of pupal 
integument were not found in these cocoons. 
Nelson (3) reported that a pteromalid similar 
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to Dibrachys cavus (Walker) inhabited C. iphi- 
talis cocoons in southern Illinois. It is unknown 
whether C. iphitalis is parasitized as a larva 
moving within the Polistes spp. nest or after 
the cocoon is spun. 
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Prions—A Biological Enigma 


Larry P. ELLIOTT 


Department of Biology, Western Kentucky University, 
Bowling Green, Kentucky 42101 


Biological dogma states that all self-repli- 
cating entities contain nucleic acid as the ge- 
netic material. Yet, the discovery of scrapie, a 
degenerative neurological disease of sheep and 
goats, prompted the necessity for the term 
“prion” to distinguish this class of particles 
from viruses and viroids (1). Prusiner (2), the 
pioneer investigator in this field, defined a prion 
as “small proteinaceous infectious particles 
which resist inactivation by procedures that 
modify nucleic acids.” 

Prions were first discovered to cause scrapie 
and later to be the etiologic agent of Creutz- 
feldt-Jakob disease, a neurological disorder of 
humans (3). Prions are considered to be a prob- 
able cause of Kuru and Gerstmann-Straussler 
syndrome, 2 human neurological disorders 
which are known to be transmissible. Prions 
are listed among the possible causes of several 
other diseases, including Alzheimer’s, but in 
this case the evidence is only circumstantial 
(4). 

An extensive review on prions has been pub- 
lished (5). The scrapie agent has been studied 
more extensively (3) and is the focus of this 
article. Progress in the purification of the scra- 
pie agent provided evidence that the biologic 
activity depended essentially on 1 protein des- 
ignated PrP (prion protein). The concentration 
of PrP was found to be directly proportional 
to the titer of prions. The transmission of scra- 
pie to hamsters and mice, in which the incu- 
bation period is greatly reduced, has aided in 
the study of this disease. Advancement in the 
purification of preparations of scrapie-infected 
hamster brain homogenates led to the detec- 
tion of a unique protein, PrP 27-30, which had 
an apparent molecular weight of 27-30 kilo- 
daltons (5). PrP 27-30 polymerizes to form 
rod-shaped particles that have ultrastructural 
features similar to those reported for amyloids 
found in Creutzfeldt-Jakob disease (6). Amy- 
loid plaques are deposits of prions in an ag- 


gregated state (4) that appear to be analogous 
to virus inclusion bodies. They do not appear 
to be an obligatory pathological feature of the 
disease. The aggregation of PrP 27-30 into 
rods is not a requirement for infectivity, since 
these structures are produced during extrac- 
tion of scrapie-infected membranes. They dis- 
appear when PrP 27-30 is incorporated into 
liposomes (7) since the incorporation of the 
protein into spherical vesicles keeps the rods 
dissociated, as determined by electron micros- 
copy. Thus, the rods are aggregates of prions 
and are not the fundamental particle of infec- 
tivity (8). 

The chemical composition of the prion has 
been investigated by various treatments that 
inactivate proteins or nucleic acids. Proteases 
and detergents dramatically reduced the in- 
fectivity of prions, but nucleases, ultraviolet 
light, and zinc ions had no effect on prion 
infectivity (4). 

The foremost question concerning prions is 
how they replicate. The N-terminal amino acid 
sequence of PrP 27-30 was determined (4) and 
allowed synthesis of a set of oligonucleotide 
probes that could possibly correspond to a por- 
tion of this sequence. A cDNA library was 
constructed from infected hamster brain 
mRNA. These oligonucleotide probes were used 
to identify a PrP cDNA. Southern blotting with 
PrP cDNA revealed a single-copy of the PrP 
gene in normal and scrapie-infected DNA from 
hamster brains. PrP antisera detected a large 
precursor protein, PrP 33-35 which is found 
in 2 isoforms designated PrP° (cellular) and 
PrP* (scrapie). PrP* protein is digested by pro- 
teinase K while Prp** is converted to a form 
of lower molecular weight, PrP 27-30, sug- 
gesting that PrP* is part of the prion structure. 
Denaturation of PrP*° causes loss of scrapie 
infectivity. The discovery of PrP* may help to 
explain the lack of an immune response when 
the scrapie disease develops in the absence of 
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any specific immune response (9), since PrP* 
may induce tolerance to prions. Barry et al. 
(10), using immunological techniques, pre- 
sented data that indicated PrP 27-30, PrP*®, 
and PrP* proteins are related and are encoded 
by the same chromosomal gene. How the gene 
is activated, how its products behave as an 
infectious disease agent, and whether other 
genes and proteins are involved in prion syn- 
thesis and infectivity present challenging areas 
of research. Prusiner (5) offered several hy- 
potheses on how prions multiply. He realized 
that the failure to detect a nucleic acid in prions 
cannot be taken as complete proof that nucleic 
acids do not exist (4). If prions have a molecular 
weight of 50,000 then their diameter would be 
approximately 5 nanometers. If they were 
shaped like a virus capsid, there could be room 
in the core for no more than 12 nucleotides, a 
quantity too small for detection. Prions might 
be reproduced via reverse translation (protein 
~ mRNA) or protein-directed protein synthe- 
sis. Prusiner (5) definitely appears to favor a 
mechanism for replication of prions in which 
the gene is not carried by the prion. Perhaps 
the mammalian gene is activated or altered by 
PrP* which stimulates its own synthesis either 
directly or through a cascade of reactions. It 
has been noted there are diverse strains of prions 
(11). This diversity might be explained as the 
result of the rearrangement of genes that is 
known to account for the diversity of antibod- 
ies. 

Many questions remain to be solved con- 
cerning prions, such as why have they been 
identified only in animals. If this host specific- 
ity is continually confirmed in the future, it 
will be challenging to elucidate by what mo- 
lecular mechanisms prions are restricted to an- 
imals. Further research will aid us in devel- 
oping better models for exact structure, 
replication, and pathogenesis of this novel 
pathogen. Understanding prions and the dis- 
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eases they produce, their classification and 
clinical courses will reveal 1 of the most in- 
teresting phenomena occurring in biology to- 
day. Understanding prions may aid in inter- 
preting several degenerative diseases that occur 
in humans and will increase in the future as 
we have a higher percentage of aging individ- 
uals in the population. 
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This is the story of the state psychological 
association in one of the 3 American states, 
Georgia, Kentucky, and Tennessee, to first li- 
cense psychology as a learned profession. The 
story is told by an academic who is not a cli- 
nician but a comparative and theoretical psy- 
chologist who was a sympathetic participant 
in some of the events which forecast pitfalls 
and challenges for the future. The immediate 
setting is Kentucky, particularly the main land- 
grant state university where influences often 
arose from elsewhere in a nation which, early 
having profited greatly from the Industrial 
Revolution, was now uncritically accepting 
much of the value system generated by it. 

Psychologists have long been active in the 
Kentucky Academy of Science, since the be- 
ginning of the organization, when, in 1914, 
John J. Tigert, Vanderbilt graduate and Rhodes 
Scholar, who taught psychology in the Edu- 
cation and the Philosophy departments, be- 
came | of the original signers of the call for a 
meeting to organize the Academy. Tigert went 
on to establish the Psychology Department at 
the University of Kentucky in early 1918. But 
he shortly went off to war so that the first de 
facto head was Clare Brown Cornell, who re- 
ceived his Ph.D. at Nebraska for developing 
an age scale of intelligence. Cornell added clin- 
ical psychology to the roster of courses which 
included testing, developmental, comparative 
and experimental experiences. He also set up 
what seems to be the first psychological clinic 
and received administrative compliments for 
his service to children in local schools and in 
the nearby juvenile reformatory. The first 
graduate degree (M.A.) was granted in 1921 
to Virginia Taylor Graham, who had been a 
departmental assistant, for a study of negro- 
white differences in tested abilities. 

Both Cornell and Tigert were gone when 
James Burt Miner was called in 1921 to be 
department head, a position he would hold for 
over 20 years. Dr. Miner, in addition to a law 
degree, had a Ph.D. under McKeen Cattell of 
Columbia. He came from the staff of the rel- 


atively short-lived business institute at Car- 
negie Tech, where he had specialized in retail 
marketing and personnel, and brought with 
him a reputation for having established at Min- 
nesota the first psychological clinic west of the 
Mississippi, and a consuming ambition to make 
the Kentucky Department a center for the 
practical application of psychology. Despite 
this, Dr. Miner was personally very interested 
in theoretical psychology, wanted a depart- 
ment as befitted a university conglomerate, 
covering different areas of psychology, and was 
himself a thoroughly academic man, putting 
great stock in reports and attendance at sci- 
entific meetings. 

Published in the Kentucky Academy Trans- 
actions is a membership list, checked from the 
beginning to March 1924 (1). It includes among 
the 5 listed psychologists: Miss Gladys Lowe 
(Anderson), who joined in 1921, and Dr. J. B. 
Miner, in 1922, both from the new Kentucky 
Psychology Department. Others were Morley 
A. Caldwell of the University of Louisville, 
since 1915, and James Grinstead, since 1921, 
from what was then Eastern State Normal 
School, and Karl Waugh, since 1923, from Be- 
rea. 

Paul Lewis Boynton, with an M.A. from Pea- 
body, had joined Miner at Kentucky in 1923 
and set up the institution’s first general student 
testing program. Eston Jackson Asher, a native 
Kentuckian, received his M.A. under Miner in 
1924, also working under Boynton. Asher then 
spent 4 years at the University of Texas, work- 
ing in part ona tentative general college testing 
program. When this was aborted, Asher re- 
turned to Kentucky, where he took over the 
testing. Just before leaving Kentucky, Boynton 
was acting head during Miner’s sabbatical in 
Europe and had the Southern Society for Phi- 
losophy and Psychology meet for the first time 
as guests at the University in 1929 after a ten- 
ure flap caused cancellation of a scheduled 
meeting at the University of Missouri. 

Asher in the 1930s established the Kentucky 
statewide testing service, did a classic study on 
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decline of test results with age in mountain 
children (2), and was chief consultant in de- 
veloping a new non-language test for federal 
prisons. The department was also joined by 
Graham B. Dimmick, trained as an Army flyer 
near the end of World War I, and also a school 
man with a Ph.D. under J. F. Dashiell. Dim- 
mick fulfilled part of Miner’s dream with the 
Lexington Child Guidance Service, at first 
subsidized by the Junior League and later by 
government. Another newcomer was Martin 
Marshall White, a Chicago Ph.D., an experi- 
mentalist who specialized in the human ex- 
perimental psychology of learning, especially 
as influenced by affective factors, and in the 
galvanic skin responses in practical polygraph 
work. There was also the present writer, New- 
bury, who, with a Princeton M.A. and later a 
Ph.D., had been an assistant to E. G. Wever 
and C. W. Bray, who established a large rat 
laboratory with a WPA grant, developed lab- 
oratory methods of teaching and doing re- 
search with animals, and examined animal the- 
ories (3). 

At the annual meeting of the Kentucky 
Academy in May 1931 and 1932, the Univer- 
sity of Kentucky Department was represented 
in the paper sessions by Asher, Dimmick, 
White, and 2 of White’s students, Lawrence 
M. Baker and Mrs. Margaret Ratliff, the latter 
registered from Western State Teachers Col- 
lege, but reporting research from U.K. At a 
tri-state meeting of academics of science in 
Miami, Ohio, Newbury from Kentucky re- 
ported an experiment done at Harvard with 
C. kK. Trueblood showing visual-maze orien- 
tation in white rats, contrary to John B. Wat- 
son's classical conclusions. 

In 1927 and 1928, Dr. Miner served as chair- 
man of 2 of the vocational-guidance paper sec- 
tions at the meeting of the Kentucky Education 
Association, a very strong political and profes- 
sional organization, which had an annual 
meeting in Louisville. Naturally psychology 
was a primary topic in some areas encom- 
passed by the Association; so here was another 
outlet for the academic products of the Psy- 
chology Department and a congress for exhib- 
iting its influence. 


ASSOCIATION 


So, based upon the annual meetings of the 
2 organizations, the Kentucky Academy of Sci- 
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ence and the Kentucky Education Association, 
the Kentucky Psychological Association was 
formed. According to the late Miss Jessie Ir- 
vine, who for many years served as secretary 
of the later more formal organization, the 
founders were James B. Miner, Martin M. 
White of the University of Kentucky, M. L. 
Billings of Western State Teachers College, C. 
N. McAllister of Berea, and Ellis Freeman of 
the University of Louisville. Dr. Billings was 
chosen as the first head, serving through the 
1932 spring programs of both K.E.A. and the 
Academy of Science. 

The Academy Transactions, in giving the 
program for spring, 1933, referred to J. J. Leg- 
gett of Transylvania University as Chairman 
and Noel Cuff of Eastern as Secretary (4). In 
the spring meetings of 1934 and 1935 no psy- 
chologist is indicated as chairman. But the 1934 
(5) Academy Transactions announced that the 
Kentucky Psychological Association had voted 
to affiliate and the next year the Association is 
listed as an affiliated organization. For 1935- 
1936, M. M. White was Chairman and M. L. 
Billings of Western, Secretary. For 1936-1937 
Edward Newbury, University of Kentucky, was 
the elected Chairman and Ellis Freeman, Uni- 
versity of Louisville, Secretary. 

In response to Dr. J. P. Symonds, Association 
of Consulting Psychologists, Newbury for- 
warded an historical and descriptive précis 
about the fledgling Kentucky association, call- 
ing it an “independent organization of psy- 
chologists in the state presenting two programs 
of papers each year.” The first is with the Ken- 
tucky Education Association, always in Louis- 
ville when officers for the ensuing year are 
elected. The second program is with the Ken- 
tucky Academy of Science. The brief account 
states that the programs have been given for 
at least 5 years. There was “no necessary lim- 
itation in regard to psychological subject mat- 
ter” although the Academy program, which 
was in the section devoted to “Philosophy and 
Psychology,” was not always entirely psycho- 
logical. The association had no dues and no 
special qualifications for membership. There 
was no constitution. Programs were in the hands 
of the chairman, assisted by the secretary. Dr. 
Symonds was also informed of the Kentucky 
officials for 1937-1938, who were Ellis Free- 
man of the University of Louisville, Chairman, 
and L. M. Baker, of Berea, a University of 
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Kentucky Ph.D., Secretary. These, with Dr. J. 
B. Miner, constituted a committee to consider 
affiliation with the proposed organization of 
applied psychologists. The Kentucky Psycho- 
logical Association was then listed with names 
of the chairman and secretary in the Journal 
of Consulting Psychology as one of the nation’s 
associations of professional psychologists (6). 
This may have been the first public national 
recognition of the Kentucky association. 

As Chairman of the Kentucky Psychological 
Association in 1937, Newbury was asked to be 
on | of the pre-organization committees for 
the American Association of Applied Psychol- 
ogists. He declined and appointed a commit- 
tee—Drs. Miner, Dimmick, and L. M. Baker— 
to consider the matter. Dr. Dimmick later stat- 
ed in his vita that he was a charter member 
of the new A.A.A.P., with which the Kentucky 
association became affiliated. 

The 1938 program with the K.E.A. was list- 
ed under the “Kentucky Psychological Asso- 
ciation.” Baker was listed as presiding, so that 
it is possible that Freeman did not serve his 
full term. 

For 1938-1939, J. Elmer Weldon of George- 
town College presided. Mrs. Margaret Ratliff 
was listed as Secretary in the Academy pro- 
gram, which had, again, been restored to the 
Division of Philosophy and Psychology. 

For 1939-1940, Noble Kelley, University of 
Louisville, was Chairman of the Academy pro- 
gram and presided at the K.E.A. program. Paul 
Leroy Hill, Ormsby Village, was Secretary. 

In 1940-1941, Paul L. Hill, Ormsby Village, 
was Chairman, and Graham B. Dimmick, Uni- 
versity of Kentucky, Secretary. The K.E.A. list- 
ed the psychological program as that of an 
associated group. For the Academy of Science, 
the program was still that for philosophy and 
psychology, with a co-chairman for philoso- 
phy. 


ORGANIZATION 


The years 1940 and 1941 marked a turning 
point for Kentucky psychology, its academic 
slant and its loose, paper-oriented association. 
A straw in the same wind was a letter sent to 
Kentucky psychologists in 1940 and signed by 
Dr. Dimmick of the University, M. B. Jensen, 
Ph.D., formerly of Bowling Green State 
Teachers College and then an independently 
psychological practitioner in Louisville, and 3 
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other psychologists from Tennessee, North 
Carolina and Alabama. The letter proposed the 
formation of a strictly psychological, i.e., not 
philosophical, organization, as a division of the 
national A.P.A. and asked for votes from south- 
ern psychologists to determine the organizing 
committee. Thus the Southeastern Psycholog- 
ical Association emerged. 

For 1940-1941, Paul L. Hill of Anchorage, 
Chairman of the Kentucky Association, and G. 
B. Dimmick, University of Kentucky, Secre- 
tary, had terms which expired after the spring 
business meeting in Louisville. An available 
mimeographed document reads as follows: “At 
the annual meeting of the Kentucky Psycho- 
logical Association, April 18, 1941, it was voted 
to effect a permanent organization. Milton B. 
Jensen was elected Chairman for the ensuing 
year and Miss Nancy T. Collins was elected 
Secretary-Treasurer for a three-year term. The 
Chairman appointed an organization commit- 
tee of G. B. Dimmick, Paul L. Hill, and J. B. 
Miner to work with himself and the Secretary- 
Treasurer.” The document stated that the fol- 
lowing statements were being sent to Kentucky 
members of A.P.A., the American Association 
of Applied Psychology, the Midwestern, and 
the Southern Society for Philosophy and Psy- 
chology, and requested “yes” or “no” answers 
if the respondent wished to become a member. 
Dues of 50¢ were to accompany the reply. Also 
attached was a ballot for 3 directors, who on 
the first election would occupy 1-, 2-, or 3-year 
terms in accordance with preferential ballot- 
ing, ending, respectively, 1 June 1942, 1948, 
and 1944. The questionnaire was obviously on 
statements for a constitution: e.g., only 2 classes 
of members, associates, who could not vote or 
hold office, and members who had to be mem- 
bers of a national or regional association of 
psychologists or be eligible, in the judgement 
of the Board of Directors, for such member- 
ship; officers were a Chairman elected for 1 
year and a Secretary-Treasurer elected for 3 
years; the Board of Directors consisted of these 
2 officers and the 3 Directors, who had terms 
of 3 years after the first vote; “the Board shall 
conduct all business pertaining to the organi- 
zation,” and make an annual report; and, fi- 
nally, the Board “shall appoint a delegate and 
alternate to the Board of Affiliates of the Amer- 
ican Association for Applied Psychology.” The 
document was presented by the Organization 
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Committee, who urged an early reply in order 
to effect a “working organization.” 

Professor E. J. Asher of the University of 
Kentucky was Chairman of the Louisville 
meeting in the spring of 1943. In 2 years Asher 
left Kentucky for Purdue, where, in a distin- 
guished career, he shortly headed the depart- 
ment. 

In the war years, Dimmick, already a Vet- 
eran, went to Europe to head hospital psycho- 
logical work for the War Department, and 
was decorated by the Queen of Holland. Dr. 
Dimmick’s Army contributions doubtless con- 
tributed to the success of the University of 
Kentucky in getting 1 of the Veterans Admin- 
istration Hospital clinical programs early. 

In a March 1945 letter to Newbury, Chair- 
man Brewer pointed out that the annual meet- 
ing of the Association would be held 28 April 
1945, and would be independent of the Acad- 
emy of Science, which was not holding a meet- 
ing. In another letter, 12 May, the year before, 
Brewer informed Newbury that the Board of 
Directors was required to collect copies of pa- 
pers to be presented for archives in the Uni- 
versity of Kentucky library. 

Even without documenting evidence in the 
Association archives of the results of the 1941 
vote, it seems reasonable to conclude that this 
episode represented the constitutional found- 
ing of the Kentucky Psychological Association. 
Corroborating evidence comes from the As- 
sociation’s first newsletter, dated 1 April 1945, 
when Dr. Joseph E. Brewer of the Mental Hy- 
giene Clinic in Louisville was listed as Chair- 
man and Pauline Klinger of Ormsby Village, 
Anchorage, was listed as Secretary. A Board of 
Directors lists 3 names, in staggered 3-year 
terms, the oldest being M. B. Jensen, starting 
in 1942. This date fits exactly with the end of 
the shortest term specified in the “organizing” 
questionnaire and ballot, sent presumably in 
1941. In this newsletter Miss Klinger was called 
simply “secretary, but in the Kentucky Psy- 
chologist, the newsletter issued in 1948, there 
were 3 Directors and the President, and, again, 
Jensen, and Miss Klinger, listed as Secretary- 
Treasurer. 

The 1945 newsletter also announced that Dr. 
Margaret Ratliff of the University of Kentucky 
was the representative of the Kentucky Asso- 
ciation on the Board of Affiliates of the Amer- 
ican Association of Applied Psychology, with 
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which it was affiliated, among 13 state and 
metropolitan organizations. 

The 1943 yearbook of the A.P.A listed the 
A.A.A.P. itself as 1 of its affiliated organiza- 
tions. By that time the Kentucky Department 
of Psychology had at least 4 members of its 
faculty listed as Fellows of the A.A.A.P., in- 
cluding Dimmick, Miner, Ratliff, and Lysle W. 
Croft, a Ph.D. under Dr. Miner, who, as As- 
sistant Dean of Arts and Sciences, was heading 
professional student personnel services in a 
separate administrative office, as Dr. Miner had 
determinedly sought. It all sounded very 
professional in the A.A.A.P., with Fellows, 
which the A.P.A. did not have, and a Board 
of Governors instead of directors. The K.P.A. 
did not even have a president, but a chairman. 

Later in 1945, surprisingly, the A.A.A.P. was, 
as the Journal of Consulting Psychology put it, 
“amalgamated” with the A.P.A., for reasons 
which to some psychologists have never been 
logically justified or clearly explained. An in- 
stigating factor seems to have been unification 
in the war effort. Rumor had it that the pres- 
idency of the merged organizations would al- 
ternate between a pure” and an applied psy- 
chologist (7, 8, 9). 

Whatever crossed the minds of the power 
brokers who swung the merger, one can see 
that in practical, industrialized America, the 
traditional and ivy-league colleges and uni- 
versities, emphasizing theoretical and experi- 
mental psychology, were being threatened by 
the growth and appeal of the more practically 
oriented institutions. Most of the latter are land- 
grant schools which have since their founding 
become accustomed to falling in line with pro- 
grams and public postures of the federal gov- 
ernment in return for its largess. For individual 
purveyors of the practical arts, especially in 
areas closely related to medicine, a larger, more 
powerful professional organization was need- 
ed. 

In this essentially semi-political movement 
of starting a new profession, the proponents 
had an unbeatable hard-core constituency of 
the military arm of the U.S. Government, with 
a seemingly limitless campaign coffer, the U.S. 
Treasury, an unassailable platform, helping 
America’s fighting men, with side benefits for 
the public health, maladjusted school children, 
and efficiency of industrial production, all un- 
der the hopeful sunlight of modern science, its 
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application and discovery. If all this sounds 
fantastic, the irony of it is that it is true. 


LEGALIZATION 


At the 27 April 1946 meeting, Association 
officers for the ensuing year or more were 
elected and copies of resolutions in line with 
the above trends sent to them: (1) that the 
Association should seek affiliation with the 
A.P.A., and (2) “the President and Board of 
Directors are to formulate a plan with respect 
to affiliation with the A.P.A. (this will require 
the adoption of new bylaws or constitution).”” 
“Suggestions” are made, apparently not reso- 
lutions, as follows: (1) “The President and Board 
of Directors are urged to investigate the prob- 
lem of certification of clinical psychologists. 
They are to keep the membership informed 
of any steps taken in this direction.” (2) “Make 
certain that there is someone to represent the 
K.P.A. at the September meetings of the 
A.P.A.” 

Then the “officers elected” were announced: 
Martin White, President (1946-1947), Pauline 
Klinger, Secretary-Treasurer, for 3 years, 1946- 
1949, and 1 Director, Noble Kelley, for 3 years, 
1946-1949. It is noteworthy that the head was 
called “President,” that the Secretary was also 
Treasurer, as in the original 1941 question- 
naire, but that the election of Directors still 
seemed to fit the constitutional format sug- 
gested then, and apparent also in the first news- 
letter in 1945. Also reference was clearly made 
to constitutional changes confirming an earlier 
organizational function. The evidential docu- 
ment is apparently the carbon of a secretarial 
report, headed with the name of the association 
and dated and a notation of “copies to” White, 
Klinger, and Kelley. It is noteworthy that the 
items disclosed a prominent wish to become 
aligned with the big national association, even 
though its earlier dominance by academics had 
resulted in the formation of the A.A.A.P. There 
was also a major concern with professional 
problems, e.g., certification. 

The resolutions must have been promptly 
acted upon because in a letter dated 24 Sep- 
tember 1946, Miss Klinger was notified that on 
5 September of that year, the Council of Rep- 
resentatives of the A.P.A. had accepted affili- 
ation with that organization by the Kentucky 
Psychological Association. Dates of this affili- 
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ation given in directories published by the 
A.P.A. are confusing, “1946” in the 1948, and 
“1939” in the 1951 Directory. It is probable 
that the earlier affiliation date represents the 
affiliation of the Kentucky Association with the 
applied organization, the A.A.A.P., which in 
1938 became affiliated with the A.P.A. and 
then later merged with it. It is noticeable that 
the A.P.A. was now adopting outlying repre- 
sentations and areas of extended influence, 
which could be concentrated for decision-mak- 
ing and effect through a central office. The 
A.P.A. was obviously taking some cues from 
the A.A.A.P. 

According to a December 1948 newsletter, 
now called the Kentucky Psychologist, the 
Kentucky Association was “reorganized” dur- 
ing 1947-1948, when Noble Kelley was Pres- 
ident, and Pauline Klinger Secretary. The re- 
vised constitution provided that members had 
to be “fellows, associates, or life members” of 
A.P.A. or be qualified for such. Annual dues 
were $1.00 for Associates and $2.00 for mem- 
bers. 

Whether or not by political adroitness, as 
suggested at a meeting later of the Council of 
Representatives, as a ploy in order to escape 
incipient opposition, the Kentucky psycholo- 
gists sought to obtain legal certification rather 
than licensure. In March 1948, Dr. W. E. Wat- 
son, psychologist in the Division of Hospitals 
and Mental Hygiene of the State Welfare De- 
partment, wrote President Kelley that the cer- 
tification bill had passed both houses of the 
Legislature. Dr. Frank Pattie, head of the Uni- 
versity of Kentucky Psychology Department 
at the time, credited Dr. Watson with the gen- 
eralship of success, though Dr. Pattie himself 
doubtless contributed an enthusiastic support. 
Dr. Watson must have been knowledgeable 
about affairs in state government, having served 
for many years in state welfare, mental-health 
and corrections agencies. He obtained his M.A. 
under Dr. Miner in 1927 and a Ph.D. under 
Dr. White in 1937. 

President of the Kentucky Psychological As- 
sociation for 1948-1949 was Milton B. Jensen, 
now practicing independently in Louisville, and 
the Secretary-Treasurer, Pauline Klinger, also 
an independent practicing psychologist’ in 
Louisville. In addition to these 2 officers, mem- 
bers of the Executive Council were H. H. 
Humphreys of the University of Kentucky Psy- 
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chology Department, Noble Kelley of the Uni- 
versity of Louisville, and W. E. Watson of the 
State Department of Welfare. 

The December 1948, Kentucky Psychologist 
announced that the Executive Council printed 
the certification bill, and that the Council sub- 
mitted a list of names for the Governor from 
which to choose the State Board of Examiners 
in Clinical Psychology, who turned out to be: 
Drs. W. E. Watson, Chairman; G. A. Muench 
of the University of Louisville, M. L. Billings 
of Western State Teachers College, and G. B. 
Dimmick and F. A. Pattie, of the University 
of Kentucky. The board met 6 November and 
requested suggestions about procedures of ap- 
plying for certification to be available for a 
Board meeting 15 January 1949. As redundant 
as it may seem, the reorganized Kentucky as- 
sociation again in December 1948 gained af- 
filiation with the Kentucky Education Asso- 
ciation. 

The newsletter also announced that the 
Council elected Noble Kelley as K.P.A. rep- 
resentative to the Conference of State Psycho- 
logical Associations. Dr. Kelley shortly re- 
signed his directorship to keep from holding 2 
positions in K.P.A. The newsletter stated that 
the Kentucky association paid the 50-cent-per- 
member assessment to the A.P.A. to support 
the conference, signaling an even tighter re- 
lationship to the national organization. 

Apparently other fundamental changes were 
voted: 2 elected directors, each with a 2-year 
term instead of 3, plus the President, President- 
Elect, and the Secretary-Treasurer which con- 
stituted the voting members of the Executive 
Council that elected the Representative to the 
Conference of State Psychological Associa- 
tions. The representative and Past President 
sat with the Council as non-voting members. 
With sufficient numbers, association members 
might invoke a general vote on a constitutional 
change. The Council each year provided the 
Governor with the names of 3 clinical psy- 
chologists, certified in Kentucky, for a selection 
by law to fill each vacancy on the Board of 
Examiners. 


PROFESSIONALIZATION 


The fifties were mostly occupied in the Ken- 
tucky association by consolidating the remark- 
able achievement of quickly establishing a new 
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profession with legal recognition by state gov- 
ernment and active support by a large national 
scientific society in the field to which the 
profession was academically related. 

Miss Priscilla Jean Alden, Nichols V.A. Hos- 
pital in Louisville, became Secretary-Treasur- 
er in 1949 but resigned after a few months, 
and the Council elected Miss Jessie Frank Ir- 
vine to complete the remaining 2 years of Miss 
Alden’s term. Miss Irvine, who, like Miss Al- 
den, was a certified clinician, later a diplomate, 
was repeatedly re-elected, retiring in 1965. A 
1931 M.A. from the Psychology Department 
of the University of Kentucky, Miss Irvine was 
for many years director of a department at 
Eastern State Hospital in Lexington. Only those 
who lived through those years during which 
psychology became a full-fledged profession 
can appreciate her loyal service. Later she 
served the Association as archivist and histo- 
rian, and her careful preservation of material 
makes this present history possible. Following 
Miss Irvine’s death, her sister Kate (U.K. Li- 
brary) provided assistance in collecting and 
classifying archival material. 

The first president of the decade was Frank 
A. Pattie, University of Kentucky, 1949-1950. 
Other presidents were W. E. Watson, State 
Welfare Department, 1950-1951; G. B. Dim- 
mick, University of Kentucky, 1951-1952; 
Robert E. Bills, University of Kentucky, 1952- 
1953; Robert B. Ammons, University of Louis- 
ville, 1953-1954; James S. Calvin, University 
of Kentucky, 1954-1955; Edward Newbury, 
University of Kentucky, 1955-1956; F. A. Pat- 
tie, 1956-1957; G. B. Dimmick, 1957-1958; 
and E. F. Erwin, University of Louisville School 
of Medicine, 1958-1959. Of the 9 psychologists 
who were President of the Kentucky associa- 
tion during this decade, exactly two-thirds were 
certified. Doctorates came from Columbia, 
Iowa, Kentucky, North Carolina, Princeton and 
Yale. Before his Yale doctorate, Calvin re- 
ceived an M.A. under White at the University 
of Kentucky in experimental psychology, and 
later was an assistant to Clark L. Hull in animal 
work, 

The original Board of Examiners, required 
by the certification bill of 1948, consisted of 
Graham B. Dimmick, M. L. Billings, F. A. 
Pattie, George Muench, and W. E. Watson. 
Through 1955, others who, one time or another, 
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served on the Board were Noble Kelley, Pau- 
line Klinger, Gertrude Reiman (University of 
Louisville School of Medicine), and R. E. Bills. 

This law, supposedly a certification law, was 
very close to a licensing law. In 1952 Dr. Frank 
Pattie filed charges against a Lexington man 
for “practicing psychology without a license.” 
The law does state that without a certificate 
from the Board no person shall “engage in any 
practice, for remuneration, that would convey 
to any person or persons the idea that he is a 
clinical psychologist and licensed to operate as 
such.” The Lexington man got a temporary 
injunction restraining Pattie, while a suit was 
filed in Frankfort naming Pattie and Dimmick, 
Board members, the latter chairman, and chal- 
lenging the constitutionality of the law. Pattie 
and Dimmick won, so that the law was tested, 
at least in the lower courts. 

Two years later a state summary by the 
A.P.A. listed only 3 states, Georgia, Kentucky, 
and Tennessee, as having licensing laws. Ken- 
tucky was not only 1 of the leading areas on 
formalizing the new profession, but the Ken- 
tucky association was way ahead of its national 
affiliate. 

The psychiatrists had not been asleep. The 
Executive Committee of their national asso- 
ciation, in February 1955, expressed approval 
of legal certification of psychologists, with em- 
phasis on designation of competence by title 
but with a disclaimer as to the practice of med- 
icine; and “the law should not include a def- 
inition of psychology,” because such a defini- 
tion might “make such a certification bill 
equivalent to licensure.” 

The American Psychological Association 
Board of Directors then recommended for ap- 
proval by the Council of Representatives con- 
sideration: (1) the “mandatory certification, ” 
(2) the medical disclaimer, and (3) “legislation 
not containing a definition of psychology,” as 
preferable at least at the time. This, despite 
the fact that only a few months before a con- 
ference of Boards of Examiners of 10 states, 
including Kentucky, had met in conjunction 
with the annual meeting of the A.P.A. and 
heard considerable discussion of the definition 
of psychological practice. Dr. William J. von 
Lackum, from Tennessee, reported that “the 
definition of practice contained in the Ten- 
nessee licensing law had held up well in several 
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court cases.’ Robert Bills, from Kentucky, re- 
ported that the Board of Examiners believed 
the Kentucky law needed revision, either to 
provide for “licensure at two levels,” or to ex- 
empt Master’s practitioners in State institu- 
tions. On 12 February 1955, President Calvin 
conveyed to Dr. Fillmore H. Sanford, Execu- 
tive Secretary of the A.P.A., a recommendation 
from the Executive Committee of the Ken- 
tucky Psychological Association, on the ques- 
tion of a proposed moratorium on legislative 
actions concerning psychology and psychiatry: 
“The Council believes that at the present stage, 
the problems cannot be solved at the national 
level.” 

During his presidency, Newbury tried to help 
the professionals by finding out from inter- 
views with his friends in engineering, how you 
define a field for licensing. The answer was 
that the definition must be a Mother Hubbard 
(all embracing) statement. Then certain activ- 
ities are excluded from the provisions of the 
law. This was duly reported to the business 
meeting. But when Newbury tried to get a 
reaffiliation with the Kentucky Academy of 
Sciences, he received little support. At the an- 
nual banquet he gave the first “presidential 
address,” thus starting a tradition. 

Newbury’s theme was that an analysis in 
terms of sociological institutions showed that 
psychological practitioners and academic per- 
sons belonged to 2 very different institutions, 
the 1 representing a centuries-long academic 
tradition, the other requiring legal support, in- 
surance, and other protections. He argued that 
professionals and the academics should there- 
fore not be in the same university departments, 
because their privileges, requirements, protec- 
tions, and accomplishments were of a very dif- 
ferent order within a different sociological in- 
stitution. Similarly, they need different 
associations to support their work. He con- 
cluded also that psychiatrists were inadequate- 
ly trained in psychology, and that psychologists 
needed some medical training, as in use of 
drugs, so that the 2 professions would better 
serve the public if merged. Though timely and 
based on a sociological analysis of institutions 
germane to our work, the article was rejected 
by the American Psychologist on the grounds 
that we do not again want psychology divided 
into pure and applied. Thus, the author learned 
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that even professionalism in psychology can be 
an enemy of free speecn. 

In fairness, it must be said that the academic 
papers read at the meetings of the Kentucky 
association in the fifties exhibit, in retrospect, 
a commendable striving for excellence, even 
though there were increasing signs of more 
professional concerns. The first prize offerings 
by the association were announced in 1958 
when the donation of shares of telephone-com- 
pany stock to the Association by Mrs. Ernest 
Meyers endowed a memorial to her husband, 
who died 20 July 1957, and who had been an 
experimentalist on the staff of the University 
of Kentucky Department of Psychology. The 
memorial provides an annual award in Dr. 
Meyer's name, available annually to under- 
graduates in Kentucky colleges and universi- 
ties “for the best contribution to psychology as 
a science. 

The national association again underwent a 
constitutional change. In the late fifties the 
Conference of State Psychological Associations 
was abolished, preparatory to making the 
A.P.A. an even tighter organization, under 
control of the more populous sections of the 
nation. Instead of the Conference electing rep- 
resentatives to the A.P.A.’s governing council, 
each state association now would elect its rep- 
resentatives directly to council, but to have 
even | representative the state association must 
have, as Kentucky did not, 100 members of 
the state association who were also members 
of the A.P.A. President-elect of K.P.A. in May 
1959 was A. Dudley Roberts, clinician at the 
Lexington V.A. Hospital, M.A. in animal be- 
havior from Kentucky, and Ph.D. from Mich- 
igan. He informed readers of the Newsletter 
that K.P.A. constitutional changes would be 
necessary to conform to the A.P.A. revision. 
But a few months later, after Roberts became 
President, he informed the K.P.A. association 
members of a letter from the Hawaii Psycho- 
logical Association offering to join with Ken- 
tucky so that the 2 state associations might have 
joint representation, as was permissible. Mem- 
bers were asked to vote by 11 December 1959, 
and, by this exotic twist, the Kentucky asso- 
ciation received its first direct representation 
in running the A.P.A. Roberts was the repre- 
sentative for some time, but a 1963 Kentucky 
Newsletter announced that Kentucky-Hawaii 
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would be represented by Dr. Donald Leton of 
Hawaii. 

Not only changes in the K.P.A. constitution, 
but changes also in the state law embracing 
psychology mark the 1960s as the decade of 
professionals in areas of applied psychology. 
Dr. Roberts was president in 1959-1960. The 
other presidents were R. L. Blanton of the Uni- 
versity of Kentucky, 1960-1961; Morton Lev- 
enthal, of the Louisville V.A. Hospital and the 
University of Louisville, 1961-1962; Norman 
Willard of the Army Armor Human Research 
Unit, Ft. Knox, 1962-1963; R. M. Griffith, of 
Lexington V.A. Hospital, 1963-1964; Sister 
Agnes Lucille Raley, of Catherine Spalding 
College, Louisville, 1964-1965; Frank Kod- 
man, now of Murray State University, 1965- 
1966; Earl A. Alluisi, of University of Louis- 
ville, 1966-1967; Robert A. Baker, University 
of Kentucky, 1967-1968; and James S. Calvin, 
of the University of Kentucky, 1968-1969. 

Dr. Baker, who had worked in various areas 
of psychology, much of it at HumRRO, re- 
ceived his M.A. under Newbury in animal be- 
havior at Kentucky and a Ph.D. at Stanford, 
where he was an assistant in C. P. Stone’s an- 
imal laboratory. 

As early as Pattie’s presidency, there was a 
Louisville and a Lexington sub-committee on 
legislation, the former consisting of Sandor 
Klein, in independent Louisville practice, Ray 
Bixler, University of Louisville, and A. P. Ta- 
dajeski, Catholic School Board Guidance Clin- 
ic of Louisville. The latter consisted of Harold 
Meek, in independent practice, Richard Grif- 
fith, Edward Newbury, and Jessie Irvine of 
Eastern State Hospital, all in Lexington. 

Signaling the advancing revisionist move- 
ment in Robert's presidency, a long “Panel 
Discussion of Proposed Legislation” was held 
at the May 1960 meeting. Norman Willard, of 
HumRRO, Ft. Knox, was chairman, and Mor- 
ton Leventhal and Edmond Erwin participat- 
ed. At the spring meeting in 1961, another 
panel discussion was held, conducted by Dr. 
Leventhal of the K.P.A. Legislative Commit- 
tee. 

The next year Dr. Leventhal himself be- 
came president and in his presidential address 
expressed disappointment in the failure of “the 
one major project this year,” which was “the 
bill to amend our existing law for licensing 
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psychologists.” The bill “went to committee 
and died there.’ Leventhal chose significantly 
to blame lack of understanding in members 
who kept the Kentucky association from hav- 
ing unified goals. Perhaps he had not heard 
Newbury’s presidential address 7 years pre- 
viously. But at the instigation of the Executive 
Council, the K.P.A. did vote during Dr. Wil- 
lard’s presidency to change the beginning of 
its fiscal year from 1 June to “coincide with 
the A.P.A. year.” 

In his initial newsletter report in September 
1963, President Richard Griffith challenged the 
K.P.A. members about legislative problems, 
which, he said, had produced “much agonizing 
in the last few years.” “Why,” he asked, “more 
of the same?” He continued: “Because the time 
of the next state legislature is upon us and we 
need to determine what the Association, as an 
association, wants to do about it. We have to 
decide whether we want to present a single 
voice and a united front to the Legislature in 
support of the bill, or—it’s up to the majority— 
forget the whole thing.” He announced an open 
meeting, with East and West Committees pres- 
ent in Louisville, 12 October, following a meet- 
ing in Frankfort, 9 October, of these commit- 
tees with the veterans of the legislative 
committee, Norman Willard, Morton Leven- 
thal, and Edmond Erwin. The 2 sub-commit- 
tees were headed by Dr. Jesse Harris, Jr., of 
the University of Kentucky, and Father Joseph 
Voor, of Bellarmine-Ursiline College, Louis- 
ville. 

This time the legislation seemed to go 
through the Legislature with almost no op- 
position and was signed by the Governor 21 
March 1964. The legislation, an amendment 
to the 1948 act, is clearly a licensing act which 
defines the practices of psychology, allowing 
for the licensing to apply to different areas 
within the field, and making a place for a cer- 
tification level. 

The Kentucky association, of course, had to 
make conforming and other changes in its con- 
stitution. Also the State Board of Examiners 
had to face changes. On 23 May 1964, the 
Executive Council of the Association sent its 
nominations for Board appointments to the 
Governor in such an arrangement that non- 
clinicians would also be represented on the 
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Frank Kodman had been chairman of the 
K.P.A. Constitution Committee in the presi- 
dential term of Sister Agnes Lucille Raley. Mrs. 
Mary Ellen Curtin was secretary of this com- 
mittee in 1965, the year she received her Ph.D. 
from the University of Kentucky on a disser- 
tation under the direction of Drs. Estes and 
Calvin. As President of the Kentucky Psycho- 
logical Association, Dr. Kodman in the No- 
vember Newsletter took completion of the re- 
vision of the Constitution as his first priority. 
By this time Ms. Jessie Irvine was elected a 
director after serving the association through- 
out most of its period of certification and finally 
more complete licensure. Ms. Irvine had also 
served for several years on the Governor's Board 
of Examiners. Dr. Curtin was elected Secre- 
tary-Treasurer, a position which would shortly 
become Secretary. Later Dr. Curtin would be 
elected president of the association under the 
new constitution. 

The new K.P.A. constitution provided for 
Honorary Life Members, as well as Members 
and Associates. New applicants who were at 
least members of the A.P.A. could be elected 
by plurality of the Executive Council. Officers 
of the Association were a President, a Presi- 
dent-Elect who automatically became Presi- 
dent the ensuing year, a Secretary, and sepa- 
rately a Secretary-Elect, a Treasurer, and a 
Representative to the A.P.A. Council of Rep- 
resentatives. All these officers, plus 3 council- 
men-at-large and the immediate Past-Presi- 
dent constituted the Executive Council, the 
main governing body of the Association. There 
were no non-voting members. The Treasurer, 
the Councilmen-at-large, and the A.P.A. rep- 
resentative were each elected for terms of 3 
years. All other positions were for 1 year. The 
Councilmen-at-large had staggered terms. 

Edmond Erwin, of Norton Memorial Infir- 
mary, Louisville, attended the March 1966 
Council meeting of the A.P.A. as alternate, 
because the Hawaii delegate could not attend. 
The Kentucky Association had continued 
electing a representative, though sometimes he 
was only an alternate. In his November 1965 
Newsletter president Kodman announced an 
intensive membership campaign because the 
agreement with Hawaii was due for renewal 
in 1966. First with Miss Irvine and then with 
Dr. Mary Ellen Curtin, the campaign was so 
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successful that 2 years later Secretary Curtin 
was able to report that for 1965-1966 the joint 
K.P.A.-A.P.A. membership—the type need- 
ed—was 104 and for 1966-1967 it was 112. So 
in 1966-1967 Edmond Erwin finally became 
full-fledged Council Representative for Ken- 
tucky to the governing body of the national 
association. He was followed in 1967-1968 by 
Richard Griffith and in the following year after 
Griffith’s death, by Robert A. Baker, who also 
was elected for 1970. In the next decade, how- 
ever, the A.P.A. by-laws were changed so that, 
again, Kentucky had to share representation, 
this time closer to home, with Tennessee. 


DIssIPATION OR DISSOLUTION 


The 1968-1969 Newsletter roster for the 
Kentucky Association listed 10 officers, 5 mem- 
bers of the State Board of Examiners of Psy- 
chologists, and 14 standing association com- 
mittees, including Legal Aspects of Psychology, 
Public and Professional Relations, Ethics, So- 
cial Action, Insurance, and Conferences and 
Workshops. 

It is significant that the Newsletter for 16 
February 1965 reprinted a “White paper on 
Psychology,” issued by the A.P.A. office, giving 
its own version of the institutional organization 
and accomplishments of psychologists. “The 
State associations,” it read, “are the official rep- 
resentatives of psychology in the states.” As 
such they are ‘local counterparts of the A.P.A. 
... It is no wonder that, almost like county 
agents, some members had been getting the 
Kentucky Association to exert influence with 
respect to the poverty program, day-care cen- 
ters, mental-health organizations, letters to the 
governor opposing certain work in Kentucky 
of out-of-state psychologists unless they had 
been certified by the Kentucky state agency. 
However worthy these activities might be, they 
are not ordinarily associated with academic 
scientific organizations. 

There were academic research reports in 
some of the meetings of the Kentucky Asso- 
ciation, to be sure, but the main thrust of the 
organization was increasingly professional. 
Some members tried to maintain a balance 
between the academic and the applied. Robert 
Ammons, University of Louisville, succeeded 
in restoring a connection with the Kentucky 
Academy of Science, which had been dropped 
or neglected after affiliation with A.P.A. James 
Calvin and Edward Newbury, University of 
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Kentucky, supported programs of the Psy- 
chology Section of the Academy. 

The Kentucky Academy of Science rein- 
stated its recognition of Psychology with some 
delay when, after the war, Academy meetings 
were resumed. In the list of contributing sci- 
ences, the 1954 Transactions of the Academy 
included Psychology. In the August 1955 
Transactions, Dr. William M. Taylor, George- 
town College, was listed as Acting Secretary 
of the Psychology Section. Then for 1955-1956, 
Dr. James S. Calvin, University of Kentucky, 
was announced as Chairman and Dr. Taylor 
as Secretary, and a short time later, as Associate 
Editor for the section. For the rest of the de- 
cade, the ensuing chairmen were Taylor; Ken- 
neth Purcell, University of Kentucky; John W. 
Donahoe, University of Kentucky; Clara Chas- 
sell Cooper, Berea College; Ray H. Bixler, Uni- 
versity of Louisville; Louise Miller, Spindletop 
Research; Joan Lee, Eastern Kentucky Uni- 
versity; Earl A. Alluisi, University of Louis- 
ville; Mary Ellen Curtin, Eastern Kentucky 
University; Joseph H. Voor, Bellarmine-Ursi- 
line College; and Rex H. Knowles, Centre Col- 
lege. Dr. Curtin served twice. Most of the sec- 
retaries also served as chairmen. 

With some exceptions, these Kentucky 
Academy of Science sections provided a forum 
for presenting academic research. Similar op- 
portunities were provided in some of the ses- 
sions of the Kentucky Psychological Associa- 
tion and professionals often contributed strictly 
academic research. Sometimes these reports 
came, not from universities or colleges, but 
from very practical institutions, as those from 
Robert A. Baker, at HumRRO in Ft. Knox, or 
Richard Griffith, at the V.A. Hospital in Lex- 
ington. There was the Ernest Meyers Award 
for which Dr. Baker served for several years 
as chairman. This was given to an undergrad- 
uate at a meeting of the state association. And 
shortly after Richard Griffith's untimely death, 
there were memorial awards in his name. 

Dr. Griffith tragically died in early 1969 af- 
ter an automobile collision some weeks pre- 
viously. Two of the graduates from the V.A. 
program, Dr. Joan C. Lee, who was a trained 
clinician and also, later, a lawyer, and Dr. Mary 
Ellen Curtin, who had been an experimentalist 
on the program, incorporated the Richard M. 
Griffith, Ph.D., Memorial Fund. Joining the 
young ladies as incorporators were Dr. Robert 
A. Baker, University of Kentucky, Dr. David 
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T. Johnson, of the V.A. Hospital in Lexington, 
Dr. Betsy W. Estes, all Ph.D.’s, and Dr. Erwin 
W. Straus, M.D. 

Dr. Griffith's awards were especially fitting 
since he worked in the research unit of the 
Lexington V.A. Hospital, a unit established to 
support the profession of clinical psychology, 
the Ph.D., and to conduct research which men- 
tal health badly needed. Except for helping 
the Kentucky association discharge its legal re- 
sponsibilities, Dr. Griffith was primarily a the- 
oretical psychologist active in the philosophic 
section of the A.P.A. He had a Ph.D. from 
Kentucky under Dr. Pattie. The major awards 
of the Foundation were for 2 papers read at 
the annual meeting of the Southern Society, 
by young working scholars, 1 in Psychology 
and another in Philosophy. An offering of a 
prize for the best paper in clinical psychology 
at the University of Kentucky was shortly 
abandoned after disagreement over who should 
be allowed to pass judgement on the work of 
the clinical students at the University. Then, 
at the suggestion of Dr. Calvin, a competition 
was established in the Kentucky Academy of 
Science meetings for the best paper read at the 
Psychology Section from any of the Kentucky 
institutions. These offerings have continued to 
flourish. 

Many years later, on 30 May 1985, with Dr. 
Lee no longer a Lexington resident, and Dr. 
Curtin ready to move away, the last group of 
Directors met and voted to dissolve the Rich- 
ard M. Griffith Memorial Corporation. Present 
at this final meeting were 2 retired University 
of Kentucky professors, Dr. Calvin and Dr. 
Newbury, an active U.K. staff member, Dr. 
Baker, and Dr. Curtin. Also present was Dr. 
Griffith’s widow, Mary Jane Griffith, who had 
for years been the secretary of the corporation, 
Dr. Griffith’s brother, Dr. Robert Griffith, and 
the latter’s son, Richard G. Griffith, who is a 
lawyer, and acted as legal advisor, and a trust 
representative of the Central Bank. All but Dr. 
Griffith’s nephew and the bank representative 
were final members of the board of directors. 

Before voting to dissolve the corporation, the 
directors approved the establishment of a trust 
which would give two-thirds of the annual in- 
come to the Southern Society for Philosophy 
and Psychology for its annual Griffith awards 
and one-third to the Kentucky Academy of 
Science to continue the undergraduate com- 
petition for papers and awards in the Psy- 


217 


chology Section. Finally, if either association 
should disband the projects they have agreed 
to, then the money will be used for under- 
graduate scholarships for junior and senior Psy- 
chology majors at the University of Kentucky. 

Most of the more academic types of research 
reports from the University of Kentucky, at 
any rate, were at regional meetings, mostly the 
Southern Society for Philosophy and Psychol- 
ogy. The Southeastern Association, which had 
been organized because of the “philosophical 
taint’ in the Southern Society, met in Louis- 
ville in 1962. During this period the Southern 
Society held two joint meetings with the Ken- 
tucky Psychological Association, one in Lex- 
ington in March 1969 and one in Louisville in 
April 1968. For several years Dr. Calvin, Uni- 
versity of Kentucky, served on the council of 
the Southern Society and Dr. Alluisi of the 
University of Louisville served as its Secretary, 
later in 1968 becoming President of the Soci- 
ety. 

Even the A.P.A. regional meetings, the na- 
tional 1, too, provided congenial ego-enhance- 
ment, especially if one were able to pay much 
of his own expenses. And thus a Philadelphia 
lawyer would doubtless argue that the aca- 
demics had no case against their state and na- 
tional associations. So the poor country cousin 
is supposed to have a big time at her rich rel- 
ative’s debutante ball. 
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NEWS AND COMMENTS 


The 75th anniversary meeting of the Kentucky Academy of Science will be held 16-18 
November 1989 at the University of Kentucky. 
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Sexual-size Dimorphism in Western Cicada Killer Wasps, 
Sphecius grandis (Hymenoptera: Sphecidae) 


JON HastTINGs 


Department of Biological Sciences, Northern Kentucky University, 
Highland Heights, Kentucky 41076 


ABSTRACT 


Sphecius grandis, an aggregatory wasp, has a polygynous mating system. Males fight for control of mating 
territories in the nest aggregation. Large males have an advantage in territorial disputes, and, as a result, 
have relatively high mating success. Sexual selection theory would predict that males should be larger than 


females as a result of this intrasexual selection. However, females are generally much larger than males. 
Females build nests and provision them with cicadas, which are large and difficult for the female wasps to 


carry to their nests. Selection favoring large body size in females is even stronger than it is in males: large 
females are superior providers for their offspring. Very small females are apparently incapable of provisioning 
their nests, and therefore cannot reproduce successfully. 


INTRODUCTION 


Sexual size dimorphism is common within 
a variety of vertebrate and nonvertebrate taxa. 
In taxa with relatively low fecundity, such as 
mammals, the dimorphism often appears to be 
the result of sexual selection (1). Most species 
of mammals exhibit a pattern of sexual di- 
morphism in which males are larger than fe- 
males (2). The degree of sexual dimorphism 
correlates well with the degree of polygyny 
within these species (3). Presumably this pat- 
tern of dimorphism has resulted from intrasex- 
ual selection favoring large males because they 
are better able to compete for mates (4). 

In species with relatively high fecundity the 
reverse pattern of sexual size dimorphism often 
exists. In many anuran species, direct com- 
petition for mates favors large male body size, 
yet females are generally larger than males (5). 
This pattern is apparently associated with se- 
lection favoring large females because they 
produce large clutches, and therefore have a 
relatively high reproductive success (6). Selec- 


tion favoring large females is presumably 
stronger than the intrasexual selection favoring 
large males in these species. 

In a previous paper (7) I discussed the in- 
fluence that body size has on the ability of 
individual male western cicada killer wasps to 
secure and defend mating territories. These 
territories encompass plots of ground from 
which receptive females may emerge. Suc- 
cessful territory defense enhances the ability 
of males to acquire mates. Large males have 
an advantage in territorial disputes, and as a 
result have an advantage over small males in 
competition for mates. This intrasexual selec- 
tion favors the evolution of large males. 

Female cicada killers dig nest burrows and 
provision them with cicadas they capture in 
nearby trees. These provisions are used as food 
by their offspring. Enough cicadas (1-3) are 
provided for each offspring to complete de- 
velopment. The number of cicadas that any 
female wasp can successfully carry to her nest 
during her lifetime is relatively small (8). As 
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a result, female S. grandis have a relatively 
low fecundity. Consequently, the reproductive 
success of individual females is limited more 
by their ability to provide cicadas for their 
offspring than by their ability to produce eggs. 
Therefore, the influence that natural selection 
has on the size of female cicada killers probably 
has little to do with egg production per se. 

The observations that western cicada killer 
females have a relatively low fecundity, and 
that large males are favored in direct com- 
petition for mates, may lead one to expect a 
male-biased size dimorphism to exist in this 
species. However, a female-biased dimor- 
phism exists. Here I offer an explanation for 
this pattern. 


MATERIALS AND METHODS 


The study was conducted in Cave Creek 
Canyon in the Chiricahua Mountains of south- 
eastern Arizona during July and August, 1981- 
1984. The wasp aggregation was located on 
the bank of a wash in pinyon-juniper habitat. 
I captured wasps as they emerged from their 
underground nests, or when they first became 
active in the nest area. I used dial calipers to 
measure the length of right forewings of each 
individual to 1 mm. Wing length, which I used 
as a field measure of body size, is highly cor- 
related with dry body mass within each sex 
(8). With Testor’s luminescent acrylic paint, I 
uniquely marked the dorsal thorax of each 
wasp, so that individuals could be readily iden- 
tified. I also marked the nest of each female 
wasp. 

I observed territorial disputes between males, 
and I correlated the outcome of these disputes 
with the body-size differential (and other vari- 
ables) of the disputing males. For this corre- 
lation I used a partial correlation model with 
these variables: territory resident size (wing- 
length in mm), resident age (in days), opponent 
size, opponent age, and dispute outcome. The 
dispute outcome is a dichotomous, dependent 
variable with a value of 1 when the resident 
wins the dispute, and 0 when he loses the dis- 
pute (7). I also observed 23 copulations in which 
I could identify the male. I compared the mean 
wing length of this sample of males with the 
mean wing length of the general male popu- 
lation. 

When females fly with cicadas back to their 
nest burrow, their wings make a loud, distinc- 


tive sound. I was therefore alerted to most pro- 
visioning events that occurred while I was pres- 
ent in the nest area. As individual females were 
marked, and as their nests were marked, it was 
generally easy for me to identify the provi- 
sioning female. I kept track of the number of 
cicadas each female carried to her nest during 
her entire lifetime, and used this number as a 
measure of provisioning success. I added to- 
gether the number of cicadas provisioned by 
all females within each size class. I evaluated 
the influence of body size on provisioning suc- 
cess by using a Kilmogoroy-Smirnoff test to 
compare the distribution of cicadas provi- 
sioned by females of various size classes with 
the general female size distribution. 


RESULTS 


The outcome of individual territorial dis- 
putes between marked males was highly cor- 
related with the wing length differential be- 
tween the disputing males (partial correlation 
coefficient = 0.605, P < 0.0001, N = 76). Larg- 
er males nearly always win disputes, and as a 
result predominate on mating territories at 
times when receptive females are available (7). 
Figure | compares the wing length distribution 
of the general male population with the wing- 
length distribution of males found in copula. 
Data from all years of the study are combined, 
as the mean wing lengths and variances in 
winglength were found to be the same in all 
years (7). The histograms show that males ac- 
quiring mates are usually larger than average. 
The mean wing length of males found in cop- 
ula (22.67 mm) was significantly larger than 
that of the general male population (21.61 mm) 
(one-tailed t = 3.33: P < 0.001). However, 
even though males acquiring mates were usu- 
ally larger than average, a few very small males 
did mate. 

In general, female S. grandis are much larg- 
er than males. In Figure 2 the wing length 
distributions of males and females are com- 
pared. Little overlap exists between the male 
and female winglength distributions. Though 
within each sex wing length is highly corre- 
lated with dry body mass (in females r = 0.91, 
N = 12; in males r = 0.96, N = 14), the com- 
parison of male and female wing length dis- 
tributions underestimates the difference in body 
size between males and females, because fe- 
males are more robust. When dry body mass 
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of general male S. grandis population, and of wing lengths 
of males found in copula. Distributions from 1981, 1983, 
and 1984 are combined. 


of arandom sample of 14 males and 12 females 
is compared, the females were found to be on 
the average more than twice as heavy as the 
males (mean female mass = 0.256 g, SE = 
0.001; mean male mass = 0.095, SE = 0.0001). 

Large females are superior providers for their 
offspring. Figure 3 compares the wing length 
distribution of the general female population 
with the relative provisioning success of fe- 
males of the various size classes. The 2 distri- 
butions are significantly different (Kolmogo- 
rov-Smirnoff test; P < 0.0001, df = 512). Very 
large females had relatively high provisioning 
success. Very small females (wing length 21- 
25 mm) represented 13% of the female pop- 
ulation, but accounted for only 0.8% of the 
observed provisioning events. 


DISCUSSION 


Hurlbutt (9) reviewed information about 
patterns of sexual size dimorphism among 
parasitoid wasps. She stated that the extant 
pattern within a species most likely depends 
on how body size influences the respective re- 
productive efforts of males and females. A fe- 
male-biased pattern of dimorphism would be 
expected in species in which large body size 
of individual females has a strong positive ef- 
fect on reproductive success. As Hurlbutt (9) 
indicated, large size in females may enhance 
individual reproductive success in a number 
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of different ways: i) by increasing egg pro- 
duction (in species with high fecundity) (10), 
ii) by enhancing hunting ability (11), iii) by 
enhancing fighting ability (in species in which 
females fight over hosts) (10). Evans (12) sug- 
gested that large size may enhance the ability 
of female provisioning wasps to carry prey and 
to build nests. 

In general, male wasps put forth no parental 
effort; their reproductive effort is all mating 
effort. Therefore, the influence that size has on 
the reproductive success of individual males 
must be on how it affects mate acquisition. In 
many wasp species the outcome of fights be- 
tween males over access to mates is strongly 
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influenced by body size (13, 14). In such species, 
this intrasexual selection for large males could 
result in male-biased size dimorphism (9). 

In a previous paper (7) I discussed the ef- 
fectiveness of territoriality as a mating strategy 
in male western cicada killers, and the influ- 
ence that size of individual males has on their 
ability to defend mating territories. I also dis- 
cussed alternative male mating tactics. Terri- 
torial disputes between S. grandis are very 
physical. Not surprisingly, large males have an 
advantage in these disputes, and large males 
predominate on mating territories when the 
availability of receptive females is compara- 
tively high. As a consequence, large males have 
arelatively high mating success. However, these 
large territory residents cannot monopolize re- 
ceptive females, because they are constrained 
from occupying the territories at all times of 
potential female availability. Smaller males 
unable to secure a mating territory exhibit al- 
ternative mating tactics. Some occupy the ter- 
ritories of larger males when the residents 
temporarily leave. Other small males are non- 
territorial: they perch in nearby trees and wait 
for receptive females there; or, when territorial 
males are absent, they cruise through the nest 
area in search of receptive females. By em- 
ploying these alternative mating tactics, small 
males at least have a chance (though a rela- 
tively small one) to acquire mates. 

In provisioning wasps, such as cicada killers, 
it is reasonable to assume that female repro- 
ductive success is not limited by their ability 
to produce eggs, but by their ability to provide 
food for their offspring. Female S. grandis pro- 
vision their nests with 2 species of dogday ci- 
cadas (Tibicen duryi and T. parallela) that 
they must carry as far as a few hundred meters 
in flight. These cicadas are large (8) and dif- 
ficult for the female wasps to carry. Large fe- 
males are superior providers possibly because 
it is easier for them to transport the cicadas to 
their nests. Small females had virtually no suc- 
cess; there appears to be a body size threshold 
for successful provisioning. Females below this 
size threshold are probably too small to carry 
cicadas. 

Intrasexual selection favors large male S. 
grandis, because large males are better able to 
secure and defend mating territories. As a re- 
sult, large males have a better chance of ac- 
quiring mates than do small males. Even though 


small males have a low probability of mating, 
by employing alternative mating tactics, there 
is a chance they can mate and reproduce. Such 
is not the case for females. Large females are 
better able to provide for their offspring than 
are small females, and they are therefore fa- 
vored by selection. Small females cannot pro- 
vide for their offspring, and therefore have 
virtually no chance of reproducing. Western 
cicada killers exhibit a female-biased size di- 
morphism, because the selection favoring large 
females for their superior provisioning ability 
is stronger than the intrasexual selection fa- 
voring large males. 
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The Fishes of Bullitt County, Kentucky 
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AND 


WILLIAM D. PEARSON 


Water Resources Laboratory, University of Louisville, 
Louisville, Kentucky 40292 


ABSTRACT 


Sixty collections of fishes were made from 35 sites on 24 streams in Bullitt County, Kentucky between 
June and November, 1986. A total of 7,707 specimens, representing 58 species and 14 families, was collected. 
From these samples, as well as records from several previous surveys, a list for the county was compiled 
containing 78 species. The 1986 survey was then compared to a similar, but smaller, study made in 1950 to 
determine whether changes in human activities and land use in the interim had affected fish populations. 
No overall effect was indicated, but some streams did show signs of degradation as a result of dredging, 
channelization, pollution, removal of riparian growth and highway construction. One species, Lampetra 


aepyptera, may have been extirpated since 1950. 


INTRODUCTION 


The effects of human demographic changes 
on fishes have been studied by several re- 
searchers in recent years, and many of these 
investigators have drawn conclusions which cite 
urbanization, pollution and changes in land use 
as major factors in the alteration of fish habitats 
and communities (1, 2, 3, 4,5, 6). Other authors 
have considered various parameters such as 
species composition, diversity, evenness and 
relative abundance in attempting to charac- 
terize fish populations from disturbed and un- 
disturbed streams (7, 8, 9). 

Bullitt County, Kentucky has undergone 
substantial changes in human population and 
land use over the past few decades. The 1980 
census reported 4.5 times the number of people 
in the over the 1940 census. The population 
began to increase more rapidly after 1940 as 
a result of the influx of workers taking factory 
jobs in the Louisville area as industry there 
began to grow, and because Bullitt County 
offered inexpensive land for the building of 
new homes. The single greatest increase oc- 
curred between 1970 and 1980, when the pop- 
ulation rose from 26,090 to 43,346, perhaps in 
response to mandatory busing of school chil- 
dren for the purpose of desegregation in neigh- 
boring Jefferson County (10). 

In the past, farming was the major source 


of income for Bullitt County; however, since 
the early part of this century, the number of 
farms, as well as the amount of land used for 
farming, has been decreasing. Over 80 per cent 
of the land in the county was considered farm- 
land in 1910, but by 1982 only about 38 per 
cent of the county was used for farming. As 
the human population rose so dramatically be- 
tween 1960 and 1980, some of the county’s 
farmland was converted to residential use (11); 
and, while only 2 industrial plants were located 
in Bullitt County in 1950, approximately 20 
were present by 1983 (12). 

The overall result of these human population 
changes was the concentration of people in the 
northeastern quarter of the county with little 
increase, or possibly decreases, in other parts 
of the county as people moved closer to Louis- 
ville, abandoning farming as a way of life. The 
section of Kentucky Highway 44 between 
Shepherdsville and Mount Washington is cur- 
rently the site of subdivision development, and 
the city of Maryville, just south of the Jefferson 
County border on Kentucky Highway 61, con- 
tinues to expand rapidly. 

Other human impacts on the county include 
roadway construction, gravel dredging, and 
channelization of at least 1 stream, the dump- 
ing of tens of thousands of barrels of toxic 
industrial waste at 4 sites within the county 
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(13), military maneuvers at Fort Knox (which 
occupies 20% of the county’s surface area), and 
miscellaneous effects such as agricultural run- 
off, trash dumping along roadways, removal 
of riparian vegetation along many streams, and 
the releasing of treated sewage into the Salt 
and Rolling Fork Rivers in the county. The 
Issac Bernheim Forest, located in the south- 
eastern corner of the county, has seen relatively 
little change over the past 30 years. 

Since these changes in human population 
and land use have occurred over a relatively 
short span of time, perhaps some ecological 
impacts could be expected on fish populations 
inhabiting the streams of Bullitt County. 
Therefore, the goal of this study was to com- 
pare the fish fauna of the county in 1986 with 
past records and describe any significant 
changes which may have occurred. 


ICHTHYOLOGICAL SURVEYS IN 
BULLITT COUNTY 


Several studies of varying sizes and degrees 
of intensity have been conducted on the fishes 
in and around Bullitt County. The earliest pub- 
lished surveys of fishes from the general area 
were those of Woolman (14) and Evermann 
(15) which presented lists of species collected 
from the Rolling Fork drainage and Salt River 
basin, respectively, but apparently only from 
sites outside of Bullitt County. 

The most geographically comprehensive 
survey in the past was conducted in 1950 by 
Kenneth R. Park (16), a student at the Uni- 
versity of Louisville. Park sampled streams in 
all parts of the county and, although his survey 
was not as complete as one might wish, it pro- 
vides a good basis for a comparison of the fish 
fauna of 1950 with that of the present. Park 
collected specimens from 13 sites in the county. 
The results of this survey exist only as a species 
list for the county and individual lists of species 
by sampling site and date (16). 

During the 1950s, small collections were 
made at a few sites in the area, and some 
specimens from these samples are preserved 
in the University of Louisville collection of 
fishes. A set of samples from 7 localities in the 
county is preserved in the fish collection at the 
Illinois Natural History Survey; these were col- 
lected in 1967 and 1968 by R. T. Schaaf (B. 
M. Burr, pers. comm.). From 1978 to 1983, the 
Kentucky Division of Water took fish samples 


from the Salt River just above Shepherdsville 
(L. G. Miller, pers. comm.). Collections were 
made from 6 sites in the county by Henley 
during his 1973-1981 survey of the fishes of 
the Salt River drainage (17), and Fisher and 
Cicerello (18) sampled 4 southern Bullitt 
County sites as part of an inventory (1981- 
1984) of the fishes of the Rolling Fork River. 


MATERIALS AND METHODS 


We attempted to sample each locality for 
which past records were available, and the pri- 
mary emphasis was placed on replicating Park’s 
(16) study. In addition, samples were taken 
from a number of other easily accessible stream 
locations for compiling the most complete 
species list possible. Samples were taken only 
from running waters; no impoundments, lakes 
or ponds were sampled. Fish populations were 
sampled from early June to November, 1986. 
A total of 60 samples was taken from 35 lo- 
calities on 24 streams distributed throughout 
the county. Locations of sample sites are shown 
in Figure 1. 

Specimens were collected by both seining 
and electrofishing. Seining was done with 3.6- 
9.1 m nylon minnow seines with 6 mm square 
mesh. The majority of the electrofishing was 
done with a backpack apparatus. The electro- 
fishing samples from Floyds Fork and the Salt 
River were taken with a boat-mounted appa- 
ratus powered by a gasoline generator. It was 
felt that sampling all accessible habitats, and 
utilizing both seining and electrofishing pro- 
vided a reasonable species list and relative 
abundances at each site. Most fish were fixed 
in 10% formalin and taken to the lab for iden- 
tification and entry into the University of 
Louisville Collection of Fishes. In some cases, 
adult game and pan fish and large rough fish 
were identified and released at the time of 
collection. 


RESULTS AND DISCUSSION 
Fishes Collected in the County 


A total of 78 species of fish representing 17 
families has now been recorded from Bullitt 
County, Kentucky from 1950 to 1986. This 
number represents 32 percent of the 242 species 
which have been reported from the State of 
Kentucky (19). Table 1 summarizes the fish 
collections made in Bullitt County from 1950 
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TaBLe 1. Fishes reported in Bullitt County, Kentucky, 1950-1986. 


Species 
Lampetra aepyptera (DeKay) 
Lepisosteus osseus (Linnaeus) 
Anguilla rostrata (LeSueur) 
Dorosoma cepedianum (LeSueur) 
Hiodon alosoides (Rafinesque) 
Esox americanus vermiculatus LeSueur 
Campostoma anomalum (Rafinesque) 
Ctenopharyngodon idella (Valenciennes) 
Cyprinus carpio Linnaeus 
Ericymba buccata Cope 
Hybopsis storeriana (Kirtland) 
Notemigonus crysoleucas (Mitchill) 
Notropis ardens (Cope) 
Notropis atherinoides Rafinesque 
Notropis boops Gilbert 
Notropis buchanani Meek 
Notropis chrysocephalus (Rafinesque) 
Notropis photogenis (Cope) 
Notropis rubellus (Agassiz) 
Notropis stramineus (Cope) 
Notropis umbratilus (Girard) 
Notropis volucellus (Cope) 
Notropis whipplei (Girard) 
Phenacobius mirabilis (Girard) 
Phoxinus erythrogaster Rafinesque 
Pimephales notatus (Rafinesque) 
Pimephales promelas (Rafinesque) 
Pimephales vigilax (Baird & Girard) 
Rhinichthys atratulus (Hermann) 
Semotilus atromaculatus (Mitchill) 
Carpiodes carpio (Rafinesque) 
Carpiodes cyprinus (LeSueur) 
Catostomus commersoni (Lacepede) 
Erimyzon oblongus (Mitchill) 
Hypentelium nigricans (LeSueur) 
Ictiobus bubalus (Rafinesque) 
Ictiobus cyprinellus (Valenciennes) 
Ictiobus niger (Rafinesque) 
Minytrema melanops (Rafinesque) 
Moxostoma anisurum (Rafinesque) 
Moxostoma carinatum (Cope) 
Moxostoma duquesnei (LeSueur) 
Moxostoma erythrurum (Rafinesque) 
Moxostoma macrolepidotum (LeSueur) 
Ictalurus melas (Rafinesque) 
Ictalurus natalis (LeSueur) 
Ictalurus punctatus (Rafinesque) 
Noturus flavus (Rafinesque) 
Noturus gryinus (Mitchill) 
Noturus miurus Jordan 
Pylodictis olivaris (Rafinesque) 
Fundulus notatus (Rafinesque) 
Gambusia affinis (Baird & Girard) 
Labidesthes sicculus (Cope) 
Morone chrysops (Rafinesque) 
Ambloplites rupestris (Rafinesque) 
Lepomis cyanellus Rafinesque 
Lepomis gulosus (Cuvier) 
Lepomis humilis (Girard) 
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Species 


Lepomis macrochirus (Rafinesque) 
Lepomis megalotis (Rafinesque) 
Lepomis microlophus (Gunther) 
Micropterus dolomieui Lacepede 
Micropterus punctulatus (Rafinesque) 
Micropterus salmoides (Lacepede) 
Pomoxis annularis Rafinesque 
Etheostoma blennioides Rafinesque 
Etheostoma caeruleum Storer 
Etheostoma flabellare Rafinesque 
Etheostoma nigrum Rafinesque 
Etheostoma spectabile (Agassiz) 
Etheostoma zonale (Cope) 

Percina caprodes (Rafinesque) 
Percina maculata (Girard) 

Percina phoxocephala (Nelson) 
Stizostedion canadense (Smith) 
Aplodinotus grunniens Rafinesque 
Cottus carolinae (Gill) 


Total specimens: 
Total species: 78 
Number of sites represented 
*—Indicated as present but number not recorded 


**_Data Sources 
A—Durbin and Pearson, 1986 survey 


B—Fisher & Cicerello (18); William Fisher, pers. comm 


C—Henley (17) 


D—Ky. Div. of Water (L. Giles Miller, pers. comm.) 
E—R. T. Schaaf collections (B. M. Burr, pers, comm.) 


F—Park (1950) 
G—UL Collection of Fishes Catalog 1951-1976 


Data sources** 
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to present, including, in most cases, the num- 
ber collected in each survey. There is some 
overlap of data between columns F (Park’s 
data) and G (U. of L. Collection) in Table 1 
because some of Park’s specimens are housed 
in the U. of L. collection. Since much of the 
data in column G were collected in small par- 
cels over many years, the number of specimens 
was not included. 


Comparison of 1950 Survey with 
1986 Survey 


Park reported the collection of 37 species 
referable to 10 families in 1950. The average 
number of species per sample during his sur- 
vey was 5.5. In 1986, 58 species from 14 fam- 
ilies were found with an average of 11.3 species 
per sample. The total number of fish collected 
in 1986 (7,707) is over 10 times greater than 
that collected in 1950 (676). The average num- 
ber of specimens taken from each site was 48 
in 1950, and 220 in 1986. Of the 78 species of 
fish recorded for Bullitt County from 1950 to 
1986, 20 were not encountered in the 1986 
samples, including 8 minnows, 3 suckers, and 
3 madtoms. Six species were reported by Park 
in 1950 that were not encountered in 1986: 
Lampetra aepyptera, Erimyzon oblongus, Pi- 
mephales promelas, Moxostoma carinatum, 
Noturus flavus and Percina maculata. There 
were 28 species collected in 1986 that were 
not reported by Park (16) (Table 1). 

Table 2 provides a comparison of the num- 
ber of species taken from each stream in 1950 
with the number taken from those streams in 
1986. Differences between the numbers in col- 
umns A and B imply that Brooks Run, Cain 
Run, Cedar Creek, Knob Creek and Wilson 
Creek now possess significantly different fish 
communities than they did during Park’s sur- 
vey. The small differences between columns C 
and D are most easily explained by the more 
intensive sampling in 1986. But, it seems un- 
likely that Park could have missed 10 or more 
species in Brooks Run, Cain Run, Knob Creek 
and Wilson Creek, when all of these are quite 
accessible and easily seined; and he was able 
to collect over a dozen species from each of 
these streams. It is difficult to draw firm con- 
clusions about changes in fish communities in 
the other streams because of the large differ- 
ence in sample sizes and sampling effort be- 
tween 1950 and 1986 and because of some 


uncertainty about the exact location of several 
of Park’s sites. Many of Park’s collections show 
an unusual evenness between species which 
varied significantly in relative abundance in 
1986. We suspect that Park may have been 
selective in keeping individuals while in the 
field, perhaps following a common tendency 
of the casual collector to preserve just a few 
“representative” individuals of common 
species, while saving all individuals of the rarer 
species. We assume that most or all of these 
streams had faunas in 1950 which were prob- 
ably as diverse as they are today, but it is im- 
possible to infer whether drastic changes in 
community composition have occurred since 
then. 


Changes in Fish Communities 
from 1950 to 1986 


There did not appear to be one overall trend 
with regard to change in community structure 
or diversity of the county’s fish fauna over time. 
However, it is possible to see some substantial 
changes on a species-by-species basis, or within 
individual streams or drainage basins over time. 
Because the 1986 study was the most compre- 
hensive, both geographically and in numbers 
of specimens, it is felt that the proportions of 
species collected are the most accurate of any 
survey of the county’s fishes. Table 3 presents 
the frequency of occurrence of 20 of the most 
commonly encountered species in the 1950 and 
1986 surveys. No species that was common in 
1950 was missing from the 1986 list, and the 
only common species which appeared less 
widely distributed in 1986 were Phoxinus 
erythrogaster, Minytrema melanops and Icta- 
lurus natalis. A small decline was seen for 
Moxostoma erythrurum and Micropterus do- 
lomieui; however, since Park had no record of 
Moxostoma duquesnei or Micropterus punc- 
talatus in his collections, we believe that some 
of his specimens of the former 2 species may 
have been misidentified M. duquesnei and M. 
punctulatus, respectively, which were rela- 
tively common during the 1986 survey. 


Disappearance or 
Decline of Species 


It seems that the only species which may 
actually have disappeared from the county’s 
fauna since 1950 is the least brook lamprey 
(Lampetra aepyptera). Brook lampreys have 
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TaBLE 2. Comparison of numbers of species taken from streams sampled in both 1950 and 1986 (numbers for Floyds 
Fork, Knob Creek, Longlick Creek and Wilson Creek include species taken from all sampling sites on those streams). 


(A) (B) (C) (D) 
No. of species No. of species No. of species No. of 1986 
found in not retaken fount species not found 
Stream 1950 in 1986 1986 in 1950 

Streams Sampled in 1950 and 1986: 

Bluelick Run 6 2 20 16 

Brooks Run 13 9 14 10 

Bullitt Lick Creek 1 1 14 14 

Cain Run 13 9 14 10 

Cedar Creek 4 4 14 14 

Floyds Fork 8 2 24 23 

Knob Creek 19 6 26 13 

Longlick Creek 7 2 19 14 

Whittaker Run 2 0 14 12 

Wilson Creek 18 5 24 ll 

Woodland Creek 5 2 5 2 
Streams Sampled only in 1986: 

Cedar Point Branch is 

Congrove Cemetery Branch 5 

Cox Creek 24 

Crooked Creek 15 

East Fork of Cox Creek 25 

Lickskillet Creek 16 

Overalls Run ll 

Prior Run 12 

Rodgers Hollow Branch 6 

Salt River 39 
been reported only from Knob Creek in the 

TABLE 3, Frequency of occurrence of the most common 


north-western part of the county but have not 
been collected there since 1968 (B. M. Burr, 
pers. comm.). This stream, although not in a 
heavily populated area, appears to have under- 
gone substantial faunal changes over the past 
several decades. Clay (20) reported that the 
lamprey was abundant in 1937, and on through 
the early 1950s. Clay apparently made several 
spring trips to Knob Creek to observe the 
spawning lampreys, but in 1955 he recorded 
in his field notes that the lampreys did not 
appear to be breeding on the riffles as they had 
in the past. In March of 1968, Clay made a 
trip to Knob Creek and mentioned in his field 
notes that no fish of any kind were seen in the 
stream (21). We made 3 trips to Knob Creek 
during March and April of 1987 to search for 
lampreys but none were found either by sein- 
ing or electrofishing. Lampreys are especially 
susceptible to increased siltation and turbidity 
(6), and their apparent disappearance from 
Knob Creek has been attributed to the destruc- 
tion of breeding sites by gravel dredging in 


species in 1950, and/or 1986. The number represents the 
percentage of sites at which a species was found in each 
survey. (Park sampled 14 sites in 1950, 35 were sampled 
in 1986.) 


Species 1950 1986 
Campostoma anomalum 50 80 
Notropis ardens 14 63 
Notropis chrysocephalus 14 66 
Phoxinus erythrogaster 29 23 
Pimephales notatus 36 71 
Catostomus commersoni 43 43 
Hypentelium nigricans 21 40 
Minytrema melanops 21 9 
Moxostoma erythrurum 21 20 
Ictalurus natalis 29 20 
Fundulus notatus 29 57 
Gambusia affinis 0 31 
Micropterus dolomieui 29 26 
Micropterus punctulatus 0 31 
Lepomis cyanellus 43, 60 
Lepomis macrochirus 14 63 
Lepomis megalotis 29 70 
Etheostoma caeruleum 14 37 
Etheostoma flabellare 36 43 
Etheostoma spectabile 29 54 
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the stream bed, predation by other fishes and, 
possibly, collection of the larvae for use as fish 
bait (20). In 1986 we frequently observed the 
use of tracked earth-moving equipment em- 
ployed in the removal of gravel from the upper 
reaches of Knob Creek. These operations re- 
sulted in a complete rearrangement of sub- 
strate materials over several hundred meters 
of the stream. It appeared that these small- 
scale operations had been conducted for many 
years. The other 19 species not found in 1986 
have appeared in other recent collections (e.¢., 
Percina maculata, P. phoxocephala), are spo- 
radic or rare in the area (e.g., Erimyzon ob- 
longus), have reclusive habits (e.g., Noturus 
spp.), or are restricted to large rivers (e.g., Hy- 
bopsis storeriana) which were not sampled ex- 
tensively in 1986. 


Increases in Relative Abundance 


Of the 28 species found in 1986 that were 
not collected in 1950, the majority are rare in 
the region (e.g., Phenacobius mirabilis and 
Rhinichthys atratulus), inhabit streams not 
sampled by Park (e.g, riverine species from 
Salt River), or are more readily collected with 
the electrofishing gear used in 1986 (e.g., 
Moxostoma spp. and other large fishes) which 
was not used by Park. The only species which 
definitely seems to have become more abun- 
dant is Campostoma anomalum which was 
present in about 40% of the 1950 samples, but 
was found in 70% of the 1986 samples. 


Rare Species and Possibly 
Invalid Records 


Park reported finding 32 Notropis umbra- 
tilis in Knob and Wilson Creeks, but we believe 
these specimens may have been N. ardens and 
record them as such in Table 1. Our reasons 
for this are: (1) Park reported no N. ardens in 
1950, despite the widespread occurrence of 
this species in nearly all subsequent surveys, 
and (2) the general distributions of the 2 species 
(19). However, 9 individuals of N. umbratilis 
were collected from Cain Run in 1979 and 
constitute a valid record (18; W. L. Fisher, 
pers. comm.). This is the only verifiable oc- 
currence of this species in the county. Eri- 
myzon oblongus has been found only in 2 sur- 
veys, but this is not surprising since it is 
relatively uncommon in the Salt River drain- 


age (19). Park’s record of Moxostoma cari- 
natum from Cedar Creek (north of Salt River) 
is not verifiable, but the records of 3 individuals 
from the Salt River by the Kentucky Division 
of Water seem to be valid. The only species 
encountered in 1986 which had never been 
reported from the county before was Moxosto- 
ma anisurum. One adult of this species was 
taken from the Salt River. 


Other Fishes Which May 
Exist in Bullitt County 


Most of the Salt River and Rolling Fork ba- 
sins have now had thorough inventories made 
of their fish populations (18, 22, 23, 24). The 
previous surveys yielded several species out- 
side Bullitt County which have never been 
recorded in the county, including Alosa chry- 
sochloris, Hiodon tergisus, Hybopsis amblops, 
Hybopsis dissimilis, Fundulus catenatus and 
Ammocrypta pellucida. There is little doubt 
that most of these fishes are also present in 
Bullitt County. This is especially true of A. 
chrysochloris, H. tergisus, and the Hybopsis 
species, which are almost certainly within the 
county in the lower Salt River. It is probable 
that more extensive sampling of the Salt River 
would have produced additional large-river 
species such as Dorosoma petenense, Hiodon 
alosoides, H. tergisus, Notropis volucellus, 
Morone chrysops, Moxostoma carinatum and 
perhaps even Polyodon spathula and Stizo- 
stedion vitreum. The Salt River flows into the 
Ohio River only 0.8 km from the Bullitt Coun- 
ty line, and many of the Ohio River fishes could 
reasonably be expected in the lower Salt River. 
Unfortunately, the lower portion of the Salt 
River within the Fort Knox Military Reser- 
vation, is off limits to boats and access overland 
is restricted. Additional collecting in some 
streams would probably have produced more 
madtoms (Noturus spp.), Notropis photogenis, 
Erimyzon oblongus and additional darter 
species such as Percina maculata. At least 20 
other freshwater fishes have reported ranges 
which would seem to include Bullitt County, 
principally because of its nearness to the Ohio 
River where they have been reported (19, 25). 
These species include Amia calva, Carassius 
auratus, Hybopsis aestivalis, Nocomis micro- 
pogon, Cycleptus elongatus, Ictiobus niger and 
Pomoxis nigromaculatus. 
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ABSTRACT 
The Magnoliales is represented in Kentucky by 2 families, the Annonaceae and Magnoliaceae. Keys, 
descriptions, notes, and documented distributions are included for the 7 taxa of these families known to 
occur within the state. Magnolia fraseri has the most restricted distribution of the species within these 2 
families; variety fraseri has been collected in 6 counties, and var. pyramidata has been collected in 1 county. 


INTRODUCTION 


Cronquist (1) included the Magnoliales in 
the subclass Magnoliidae, and considers this 
order to be the most primitive of the extant 
orders of flowering plants. In Kentucky, the 
Magnoliales can be characterized as woody 
plants with simple, alternate leaves, and with 
conspicuous, entomophilous, and hypogynous 
flowers with a well-developed perianth of dis- 
tinct tepals which are either cyclic (trimerous) 
or spirally arranged. The traditional name for 
the subclass of this order is the Ranales, and 
because this order is exclusively woody, it has 
been included in the group referred to as the 
woody Ranales. Although the order is poorly 
represented in our flora, worldwide it contains 
approximately 10 families with some 3,000 
species. 

The Magnoliales has been treated in the Ge- 
neric Flora of the Southeastern United States 
(2), which includes family and generic descrip- 
tions, distribution and taxonomic data, data on 
reproductive biology, and an extensive bibli- 
ography. Past treatments for Kentucky of the 
included families were prepared by Braun (3), 
Garmon (4), Meijer (5), and Wharton and Bar- 
bour (6). Our study updates these treatments 
and is a contribution to the knowledge of the 
flora of Kentucky. 


MATERIALS AND METHODS 


Our study is based on personal collections 
and the examination of 520 specimens from 
14 herbaria. The collections from DHL were 
unavailable for study, but we were able obtain 


data from DHL through Max E. Medley. Max 
Medley also provided data from specimens at 
US that we did not see. Literature records and 
non-naturalized species have been omitted 
from the distribution maps, but have been dis- 
cussed where relevant. Nomenclature follows 
Kartesz and Kartesz (7), unless otherwise not- 


ed. 


RESULTS 


The Magnoliales is represented in Kentucky 
by 2 families, the Annonaceae and the Mag- 
noliaceae. The Annonaceae includes a single 
species, Asimina triloba, which has a known 
distribution in 76 counties (Fig. 1). The Mag- 
noliaceae is represented by 4 species of Mag- 
nolia: M. acuminata (known from 24 coun- 
ties), M. fraseri (7 counties: var. fraseri, 6 
counties; var. pyramidata, 1 county), M. ma- 
crophylla (11 counties), and M. tripetala (25 
counties); and, by a single species of Lirioden- 
dron, L. tulipifera (73 counties) (Fig. 1). 


KEY TO FAMILIES 


1) Stipules absent; fruit an elongated, fleshy 
berry; flowers maroon .......... Annonaceae 

2) Stipules present, scar encircling the twig; 
fruit an aggregate of follicles or samaras 
borne on an elongated receptacle; flowers 
white, yellow, or greenish ..... Magnoliaceae 


Discussion 


(1) Annonaceae (Custard-apple Family) 


A family of approximately 2,300 species in 
130 genera of trees, shrubs, or lianas, mostly 
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MAGNOLIA FRASERI VAR. PYRAMIDATA 


confined to the tropics (1) represented in our 
flora by a single species, Asimina triloba, the 
pawpaw. 

Asimina triloba (L.) Dunal; Pawpaw.—The 
pawpaw is widely distributed in the eastern 
United States and occurs throughout Kentucky 
(Fig. 1). It is found in a variety of habitats, but 
is most common in the moist, fertile soils of 
stream valleys, where it often forms extensive 
colonies. The pawpaw is often overlooked un- 
less in flower or fruit. No other woody species 
in our flora has maroon flowers (except Caly- 
canthus, which has opposite leaves) and such 
a large, fleshy fruit. Due to its small size and 


MAGNOLIA ACUMINATA 


Fic. 1. Documented county distributions of Asimina, 
Liriodendron, and Magnolia in Kentucky. 


weak wood, the pawpaw is of little economic 
value although it is occasionally planted for its 
fruit or for ornamental purposes. The chief 
value of the tree is in its value for wildlife, 
which relish the fruit. Flowers appear in April 
and May, and the fruits mature in September 
and October. For more information on Asim- 
ina see Kral (8). 


(2) Magnoliaceae (Magnolia Family) 


The Magnoliaceae is a family of approxi- 
mately 220 species in 12 genera of shrubs and 
trees that are widespread in both temperate 
and tropical areas of the Old and New worlds 
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(1). In Kentucky, the family is represented by 
2 genera, Liriodendron and Magnolia. Lirio- 
dendron is represented by a single species; 
Magnolia, by 4 species. For more information 
on the Magnoliaceae see Spongberg (9). 


KEY TO THE TAXA OF THE 
MAGNOLIACEAE 


A) Leaves 4-6 lobed; buds with 2 valvate scales; 
inner tepals greenish-yellow with an orange 
spot near the base; fruit an elongate cone- 
like aggregate of samaras; seeds (and sa- 
maras) brown Liriodendron tulipifera 
A) Leaves unlobed (sometimes lobed or cor- 
date-auriculate at the base); buds with a 
single cone-like scale; inner tepals white, 
yellow, or greenish-white, without an or- 
ange spot; fruit an elongate or ovoid cone- 
like aggregate of follicles; seeds pink to red- 
dish-orange ................. (Magnolia) B 
B) Leaf bases lobed or cordate-auriculate 


C) Terminal buds glabrous; leaves 10-30 
cm long; abaxial leaf surfaces pale green 
ANd (PIA LOUS gnc csycccre ee soe as ae M. fraseri 
C) Terminal buds pubescent; leaves 20- 
100 cm long; abaxial leaf surfaces sil- 
very-white and pubescent 
cee re Sh a NA Re M. macrophylla 
B) Leaf bases acute or abruptly contracted 
to the petiole 
D) Leaves uniformly spaced along the twig; 
terminal buds 1.2-1.8 cm long and pu- 
bescent; leaves broadest at or below the 
middle, often abruptly contracting to 
the petiole; fruit 3-6 cm long 
Aen eweasededesta ose. VM acuminata 
D) Leaves clustered near the tip of the twig; 
terminal buds 3-4 cm long and gla- 
brous; leaves broadest at or above the 
middle, gradually contracting to the 
petiole; fruit 6-19 cm long .. M. tripetala 


A. Liriodendron tulipifera L.; Tulip-pop- 
lar, Yellow-poplar, Tuliptree.—The tulip-pop- 
lar has a wide distribution in eastern North 
America, and should be expected in every 
county of Kentucky (Fig. 1). Its leaves are dis- 
tinctive, but the showy flowers are often over- 
looked. This species can be found in a variety 
of woodlands, although it reaches its maximum 
size in the soils of our river valleys or in the 
moist, fertile coves of the Appalachians. The 
tulip-poplar is one of our most valuable hard- 
wood species. It is often used as an ornamental, 
and the wood has multiple uses. Wildlife also 


benefit from this species due to its often abun- 
dant seeds. Flowers appear in April and May 
and the fruits mature in autumn. 

B. Magnolia, Magnolia.—Magnolia is rep- 
resented in Kentucky by 4 native species di- 
vided between 2 subgenera and 2 sections. The 
trees flower in April and May and fruit mature 
in September and October. The fleshy covering 
of the seeds makes them of value to wildlife. 
Although any of our native magnolia species 
may be found in cultivation, the cucumber and 
umbrella magnolias are most commonly grown. 
Four non-native species of magnolia are com- 
monly cultivated in Kentucky, and are some- 
times confused with the native species. These 
are the evergreen bull bay, Magnolia gran- 
diflora L.; the semi-evergreen sweet bay, M. 
virginiana L.; the star magnolia, M. kobus DC. 
var. stellata (Sieb. & Zucc.) Blackburn (M. stel- 
lata (Sieb. & Zucc.) Maxim.); and the saucer 
magnolia, M. soulangiana Soulange-Bodin. 
None of these species has escaped cultivation 
to our knowledge, but they may persist around 
abandoned home sites. 


Bl. Magnolia, Subg. Magnolia, 
Sect. Rytidospermum 

1. M. fraseri Walter.; Fraser's magnolia, 
Pyramid magnolia.—Fraser’s, our least com- 
mon and least collected magnolia, comprises 
2 varieties. Variety fraseri occurs in the eastern 
portion of the state, and var. pyramidata (Bar- 
tram) Pampanini, the pyramid magnolia (9) 
occurs in Fulton County (Fig. 1) (10). The 
Fulton County specimen (UK 33091!) is a sin- 
gle, sterile specimen, and our identification is 
based on leaf shape and habitat. Regardless of 
variety, the presence of M. fraseri in western 
Kentucky represents an unusual disjunction. 
The nearest population of var. fraseri is 430 
km distant, and the nearest of var. pyramidata 
is 385 km (11). Price (12) listed this species as 
occurring in the Mississippi River region and 
cited De Friese without explanation. Addi- 
tional collections of this species from western 
Kentucky are required. 

The small leaves with cordate-auriculate 
bases and green, glabrous undersurfaces dis- 
tinguish this species from all others. Fraser’s 
magnolia is typically a small, fast-growing 
species of moist coves, and the pyramid mag- 
nolia inhabits piedmont or coastal plain woods. 
Variety pyramidata can be distinguished by 
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its leaves, which are pandurate or rhombic in 
shape (vs. elliptic or lanceolate), stamens which 
are 4-6 mm long (vs. 8-15 mm), and by its 
fruit, which is 3.5-6 cm long (vs. 6.5-11 cm). 

2. M. macrophylla Michaux.; Bigleaf mag- 
nolia.—The bigleaf magnolia has a rather spot- 
ty distribution in the eastern and southeastern 
United States and is apparently uncommon. In 
Kentucky, it follows the familiar eastern 
mountain-Mammoth Cave region disjunction 
(Fig. 1). The exceptionally large leaves with 
silvery-pubescent undersurfaces distinguish this 
species from all others. Because the leaves are 
very fragile, the bigleaf is most common in 
deep ravines sheltered from the effects of wind. 

3. M. tripetala L.; Umbrella magnolia.— 
The umbrella magnolia has a widespread dis- 
tribution in the eastern United States, occur- 
ring in a variety of habitats. The Kentucky 
distribution follows the eastern mountain- 
Mammoth Cave region pattern, with addi- 
tional records for Adair County (Fig. 1). It is 
very likely that this and the other Magnolia 
species have migrated into the Mammoth Cave 
region through the Green River Valley. Little 
(11) included Bullitt County in the distribution 
of this species, although Gunn (13) indicated 
that M. tripetala is known only from culti- 
vation in that county. The umbrella magnolia 
is easily recognized by its large leaves that are 
clustered near the tips of the twigs. 


B2. Magnolia, Subg. Yulania, Sect. Tulipas- 
trum 


4. M. acuminata (L.) L.; Cucumber mag- 
nolia.—The cucumber magnolia is mostly an 
Appalachian species, with outlying popula- 
tions scattered through the eastern United 
States. The distribution of the species in Ken- 
tucky reflects this pattern, with outlying pop- 
ulations in the Mammoth Cave region and in 
extreme western Kentucky (Fig. 1). Our plants 
represent var. acuminata. Because of its size 
and the quality of its wood, the cucumber mag- 
nolia is our only magnolia important for tim- 
ber, often reaching heights of over 100 feet. 
In addition to its large size, the cucumber mag- 
nolia is distinguished by its greenish-yellow 
flowers, cucumber-like immature fruits, and 
small leaves which are abruptly contracted to 
the petiole. 
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ABSTRACT 


A posttreatment analysis was conducted on the benthic invertebrate community of a small headwater 
stream in eastern Kentucky that had been affected by a forest fertilization project in 1975. During the 
biological sampling period (1978-1981), significantly higher concentrations of nitrate-nitrogen were present 
in the affected stream when compared with two unaffected streams. Standing-crop biomass of invertebrates 
(wet weight), volumetric displacement, and the number of individuals were not significantly different between 
the treated stream and one untreated stream, suggesting that the fauna was not using the nitrate-nitrogen 
subsidy to increase biomass. However, the number of taxa and species diversity (Sequential Comparison 
Index) were significantly higher in the stream located within the unfertilized watershed. 

The most abundant invertebrates in both streams were the Diptera, Ephemeroptera, and Plecoptera. Most 
species were dipterans. The observed differences between the streams could indicate that the affected stream 
is in the process of recovery. This possibility seems unlikely considering the length of time since fertilization, 
the abundant sources of recolonizers, and the absence of any disturbance since fertilization. The benthic 


fauna is, therefore, considered presently unaffected by the previous forest fertilization. 


INTRODUCTION 


Forests are fertilized primarily during the 
establishment of new forests (1). However, fer- 
tilization of established forests is being con- 
ducted with increasing frequency (2) and is 
known to increase forest biomass and nutrient 
uptake (1). Nitrogen has been identified as a 
limiting factor in many forests (3), and nitrate 
loss through leaching is generally very small 
or confined to the non-growing season (4). Ni- 
trogen has been suggested also as a possible 
limiting factor in lotic systems (5) because the 
energy base for stream ecosystems is detrital 
decomposition and algal production (6, 7). In- 
creased levels of nitrogen have been shown to 
increase algal growth (8, 9) and nitrification 
(5) but not detrital decomposition (5, 10). Ben- 
thic macroinvertebrate density in leaf packs in 
a second-order stream in Tennessee did not 
increase upon fertilization with ammonium 
hydroxide (5). Even so, it is conceivable that 
benthic macroinvertebrate community struc- 
ture may be affected by forest fertilization; 
however, information concerning the com- 
munity’s response to this practice is lacking. 
An opportunity arose in 1978 to investigate the 
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posttreatment effects of ammonium nitrate 
fertilization upon the benthic community 
structure of a first-order stream in eastern Ken- 
tucky as part of a more extensive project in- 
vestigating the composition, structure, and bio- 
mass of the benthic macroinvertebrate 
community within a relatively undisturbed 
third-order stream system (11). 

In 1975 a forest fertilization project was con- 
ducted in the watershed (41 ha) of Field Branch 
(located 24 km southeast of Jackson in Breath- 
itt County, Kentucky). The stream is located 
within the University of Kentucky's Robinson 
Forest, a 6,075 ha forest research experiment 
station. The forest has remained relatively un- 
disturbed since 1920 when the last major har- 
vest of the area took place. The physiography, 
topography, climate, soils (12, 13), and vege- 
tation (14) are characteristic of the Cumber- 
land Plateau. 

The purpose of the Field Branch fertiliza- 
tion project was to measure and evaluate the 
effects of fertilization on the quality and quan- 
tity of streamflow in a forested Appalachian 
watershed (2). Since nitrogen fertilization does 
increase forest biomass, it was postulated that 
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increased evapotranspiration would result in a 
concomitant reduction in streamflow. No such 
decrease was found relative to the similar and 
untreated stream, Falling Rock (94 ha water- 
shed), located approximately 1.6 km east of 
Field Branch; however, nitrate-nitrogen levels 
remained significantly higher in the treated 
stream a full two years after treatment (2). 
Because significantly higher nitrate-nitro- 
gen levels had existed within Field Branch be- 
fore our investigation of the benthic macroin- 
vertebrate community, 3 distinct questions 
were posed. First, were the elevated nitrate- 
nitrogen levels persistent through the biologi- 
cal sampling period? Second, did the benthic 
communities of the treated differ significantly 
from the untreated streams in the area? Third, 
if differences were found, could they be cor- 
related with the elevated nitrate-nitrogen levels 
resulting from the forest fertilization? 


METHODS 
Nitrate-Nitrogen 


In late April 1975 ammonium nitrate fer- 
tilizer was aerially applied to the watershed of 
Field Branch at a rate of 504 kg/ha. No effort 
was made to avoid direct application to the 
stream. Weekly water samples of streamflow 
had been collected and analyzed by university 
personnel since 1971 and continued through- 
out the biological sampling period for various 
streams throughout Robinson Forest. The anal- 
ysis of nitrate-nitrogen was a modified nitrate 
reductase procedure (15) using Escherichia coli 
as the reducing agent (2). 

For statistical analyses, two control (unfer- 
tilized) streams were included: the immedi- 
ately adjacent Little Millseat (79 ha watershed) 
and Falling Rock (94 ha watershed), approx- 
imately 1.6 km southeast of Field Branch and 
Little Millseat watersheds. The General Linear 
Model (GLM) (16) procedure was used to per- 
form analyses of variance on ten years of week- 
ly nitrate-nitrogen concentrations among the 
3 streams, among seasons, and for season-stream 
interaction, beginning 1 May 1972 through 30 
April 1982. Pretreatment time includes years 
1, 2, and 3; posttreatment includes years 4-10. 


Benthic Macroinvertebrate Community 


Three Surber samples (0.1 m?) were taken 
from similar riffles in the treated stream and 


the adjacent untreated Little Millseat during 
all seasons on 1] dates from May 1978 to Au- 
gust 1981 (N = 66). Both streams are primarily 
riffles. The material collected was fixed in the 
field in 10% formalin; handpicked and sorted 
in the laboratory using a number 35 U.S.A. 
standard testing seive (500 « mesh size) to re- 
tain organisms; and subsequently stored in 80% 
ethyl alcohol. The Sequential Comparison In- 
dex (SCI) was used to measure diversity (17). 
Organisms were counted and assigned to Or- 
der for the statistical analysis. Standing crop 
wet weight (gm/m?*) was obtained for each 
sample. Wet weights were obtained so that 
specimens could be retained for further anal- 
ysis. Volumetric displacement (ml/m?) was de- 
termined by measuring the volume of water 
displaced by the sample when placed in a 
known volume of water. Volumetric displace- 
ment should correlate directly with wet weight 
and, thus, serve as a check for accuracy. 

The occasional salamanders, fishes, snails, 
clams, crayfishes, and terrestrial insects spo- 
radically captured were excluded from the 
samples due to the fact that a Surber net is not 
an effective or reliable method to capture those 
groups. The Statistical Analysis System (SAS) 
t tests (16) were employed to compare the SCI 
values, wet weights, volumetric displacements, 
and numbers of taxa and individuals between 
the two streams. 


RESULTS 
Nitrate- Nitrogen 


The nitrate-nitrogen concentrations in Little 
Millseat (non-fertilized) and Field Branch (fer- 
tilized) are presented in Figure 1. The con- 
centrations in Falling Rock follow closely those 
in Little Millseat. Following treatment very 
high concentrations of nitrate-nitrogen were 
immediately detected in Field Branch (640 
mg/liter), and levels potentially toxic to hu- 
mans and other animals persisted in the stream 
for several days (2). Mean weekly pretreat- 
ment concentrations of nitrate-nitrogen for the 
3 streams ranged from 0.0-0.91 mg/liter with 
mean values of 0.13-0.14 mg/liter. Pretreat- 
ment nitrate-nitrogen concentrations were sig- 
nificantly different among seasons (P < 0.0318) 
but not among streams. There was no signifi- 
cant season-stream interaction (P > 0.05, Fig. 
1). After treatment (1975), differences among 
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the streams became a significant source of vari- 
ation (P < 0.0001) which continued to 1980. 
Differences among seasons generally remained 
significant after treatment. Significant season- 
stream interaction effects also were noted after 
treatment. Therefore, seasonal and stream ef- 
fects could not be separated. To ascertain the 
source of variation among streams, nitrate-ni- 
trogen levels were contrasted by years for 
Stream | (Falling Rock, untreated) versus 2 
(Little Millseat, untreated); stream 1 versus 3 
(Field Branch, treated); stream 2 versus 3, and 
streams | and 2 versus 3. During pretreatment 
years 1972-1974, differences between all pairs 
of streams were not significant. After treat- 
ment the contrast of stream | vs. 2 (both un- 
treated) for nitrate-nitrogen was generally non- 
significant while the remaining contrasts were 
highly significant after treatment (P = 0.0001). 
Furthermore, the differences between nitrate- 
nitrogen levels in the stream persisted through 
year 9, a span of 6 years after treatment which 
includes all biological sampling dates. To de- 
termine how season-stream interaction might 
have affected the contrasts, the data were fur- 
ther analyzed by seasons within years. The re- 
sults indicated that posttreatment nitrate-ni- 


trogen levels among streams remain 
significantly different (P < 0.04) over all sea- 
sons for contrasts 1 vs. 3, 2 vs. 3, and 1 + 2 
vs. 3 through year 9. 


Benthic Macroinvertebrate 
Community 


Mean (N = 3) standing crop net weight of 
benthic invertebrates ranged from 1.14—12.57 
g/m? in the fertilized stream and from 2.35- 
10.50 g/m? in the unfertilized stream for all 
sample dates. As expected, volumetric dis- 
placement revealed a direct relationship to wet 
weight with mean values ranging from 0.91- 
20.65 ml/m? in the fertilized stream and 2.68- 
11.85 ml/m? in the unfertilized one (Little 
Millseat). Both measurements varied in a sim- 
ilar seasonal fashion, with lowest values found 
during the winter and the highest between 
June and July. Variability between streams was 
not significant for either wet weight (P = 
0.7188) or volumetric displacement (P = 
0.5729). 

The unfertilized Little Millseat had signifi- 
cantly higher (P = 0.0015) SCI values than the 
treated Field Branch (ranges = 24-54 and 17- 
52, respectively). In both streams, the highest 
(29 Apr 1979 and 11 May 1981) and lowest 
(25 May 1978 and 24 Feb 1979) SCI values 
occurred on the same sampling dates (Fig. 2). 

The number of taxa/0.1 m? in the unfertil- 
ized stream (range = 28-51) was significantly 
higher (P = 0.0001) than the number in the 
affected stream (range = 18--55, Fig. 3). Most 
taxa were classified into 5 orders of insects 
(Coleoptera, Diptera, Ephemeroptera, Plecop- 
tera, and Trichoptera). The category referred 
to as “others” includes oligochaetes, isopods, 
amphipods, and odonates (Fig. 4). In 4 of the 
6 groups (Coleoptera P = 0.0005, Diptera P = 
0.0032, Ephemeroptera P = 0.0467, and others 
P = 0.0184) there were significantly fewer taxa 
(3.27, 4.1, 1.4, and 1.1 fewer, respectively) in 
the stream affected by fertilization. 

The number of individuals was not signifi- 
cantly different (P = 0.08) between the fertil- 
ized stream (range = 48-489 individuals/0.1 
m?) and the unaffected stream (range = 88- 
538) (Fig. 5). In general, there were no sig- 
nificant differences between the numbers of 
individuals in the predominant groups of each 
stream (Fig. 6) with the exception of Coleop- 
tera, in which there were significantly (P = 
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Fic. 2. Mean sequential comparison index values (N = 
3) of the benthic macroinvertebrate community in the 
fertilized and non-fertilized streams from May 1978 through 
August 1981. 


0.0019) fewer (52.8 fewer) in the fertilized 
stream when compared with the unfertilized 
stream. Field Branch (fertilized) had 5.8 Co- 
leoptera/0.1 m?, but Little Millseat had 48.0/ 
0.1 m? (Table 1). The lower numbers of Co- 
leoptera were primarily due to the much lower 
numbers (per 0.1 m?) of Optioservus ovalis (2 
versus 96), Oulimnius nitidulus (119 vs. 1,439), 
Stenelmis n. sp. (22 vs. 137), Helichus basalis 
(8 vs. 72), and Ectopria sp. (27 vs. 137) in Field 
Branch. The two obvious peaks (Fig. 6) in the 
Coleoptera found in Little Millseat were due 
to the large number of O. nitidulus. 

In each stream, the Ephemeroptera, Dip- 
tera, and Plecoptera were the most abundant 
orders each having over 64 individuals/0.1 m? 
(20% of the total number). Dipterans were the 
most speciose group (14 taxa/0.1 m? in Field 
Branch, 18 taxa/0.1 m? in Little Millseat). 


TABLE 1. 
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(N = 3) in the fertilized and non-fertilized streams from 
May 1978 through August 1981. 


DiIscussION 


Pretreatment concentrations of nitrate-ni- 
trogen were similar among the 3 streams as 
well as to those of comparable streams in West 
Virginia (18) and Tennessee (5). All possible 
pair-wise contrasts revealed that the nitrate- 
nitrogen concentrations remained significantly 
higher for a full 6 years (1975-1981) after 
treatment in Field Branch within the fertilized 
watershed when compared with 2 unaffected 
streams. 

The concentration of nitrogen in natural sur- 
face waters, including areas of intense agri- 
culture, ranges from 0 to 100 ppm (19). When 
nitrogen is present at unnaturally or experi- 
mentally elevated levels primary producers and 
eutrophication increase (9, 19). However, as 
stated previously, detrital decomposition (5, 10) 
and benthic macroinvertebrate density (5) have 


Averages, ranges, and a ranking for the numbers of taxa and individuals in the predominant insect orders 


in Field Branch (fertilized) and Little Millseat (non-fertilized). All values represent the average of three Surber collections 


taken on eleven dates (N = 33). 


Average number of taxa 


Average number of individuals 


Insect order Field Branch Little Millseat Field Branch Little Millseat 
Ephemeroptera 5.4 (2.3-7.0) 6.8 (4.0-11.0) 64.9 (9.7-160.7) 68.0 (14.7-145.0) 
Plecoptera 5.6 (2.3-9.0) 5.0 (2.3-9.0) ue 4 (3.3-242.7) 67.1 (22.7-145.0) 
Coleoptera 2.2 (0.3-4.0) 5.6 (2.5-9.0) 8 (0.3-19.3) 48.0 (5.0-125.7) 
Diptera 14.1 (7.3-25.0) 18.3 (11.0-25.0) a 5 (18.0-204.7) 78.7 (29.7-196.3) 
Trichoptera 4.2 (0.7-7.3) 4.6 (1.7-6.7) 12.5 (0.7-26.3) 17.4 (1.7-82.0) 
Others 2.7 (1.0-5.3) 4.0 (1.7-6.7) 12.1 (1.0-51.7) 15.8 (3.7-85.0) 
Total 34.2 44.3 274.2 295.0 
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been shown to be unaffected by such nitrogen 
subsidies. 

In this study there were no significant dif- 
ferences in the standing crop biomass wet 
weights and volumetric displacements of the 
benthic communities between control and en- 
riched streams. Standing-crop biomasses were 
similar to those found by Kraft and Mundahl 
(20) in benthic invertebrate riffle communities 
in a Michigan river. Furthermore, the signif- 
icantly higher levels of nitrate-nitrogen in the 
affected stream are considered low in com- 
parison with streams, known to support a var- 
ied biota (21), in heavily agriculturalized areas 
of Kentucky where nitrate-nitrogen levels as 
high as 14.0 mg/liter have been reported. 

Cairns and Dickson (17) found that in pol- 
luted or disturbed situations the SCI value is 
less than 2. In their least disturbed sites, index 
values ranged from 20-24. The SCI values for 
the two streams reported herein greatly ex- 
ceeded those of Cairns and Dickson’s (17) least 
disturbed sites indicating these streams are 
highly diverse. 

There was a lower number of taxa and species 
diversity (SCI) in the fertilized stream. The 
number of taxa in 4 groups (Coleoptera, Dip- 
tera, Ephemeroptera, and others) accounted 
for the difference. The Coleoptera also had a 
significantly higher number of individuals in 
the unaffected stream while other groups 
showed no significant differences. 

The trophic dynamics of headwater streams 
are maintained chiefly by detritus, specifically 
allochthonous leaf material (7, 22, 23, 25) and 
that, quantitatively, the detrital pathway of 
energy flow is much more significant than the 
living pathway (24). If the benthic community 
is dependent primarily on detritus, and detrital 
decomposition is unaffected by experimentally 
elevated nitrogen concentrations, then increas- 
ing nitrogen in a stream system should not 
increase the availability of detrital material to 
the benthic community. In this study, benthic 
biomass was not significantly different be- 
tween the control stream and the stream with 
experimentally elevated nitrate-nitrogen levels, 
supporting this hypothesis. 

In general, faunal similarities between the 
2 streams were more striking than the differ- 
ences. The total number of individuals and 
standing-crop biomass as well as volumetric 
displacement were not significantly different 
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suggesting that the community in Field Branch 
was not using the nitrate-nitrogen subsidy to 
increase biomass during the sampling period. 

If nitrogen fertilization had an effect on the 
benthos it would most likely have been either 
a toxic one or one of enhancement. In the 
absence of pretreatment biological samples, the 
possibility remains that Field Branch was a 
system still undergoing recovery at the time 
of sampling. However, considering the length 
of time allowed for recovery (6 years), the 
absence of any other human-caused distur- 
bance since fertilization, and the abundant 
sources of recolonizers within Robinson Forest, 
it would seem that recovery would have pre- 
ceded the biological sampling (26, 27, 28, 29, 
30, 31). 

The evidence suggests that the treatment did 
not produce lasting effects upon the benthic 
community of Field Branch. The present com- 
munity is not aberrant and, thus, is considered 
unaffected by the forest fertilization. However, 
considering the intimate relationship between 
a stream and its watershed (32) forestry man- 
agement should advocate the accurate and ju- 
dicious application of fertilizer. Care should 
be taken to avoid the direct application of ni- 
trogen fertilizers into stream courses in order 
to decrease the possibility of toxic instream 
concentrations. 
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Daily Changes in Ommatidia Morphology in the 
Cockroach, Leucophaea maderae 


BLAINE R. FERRELL AND Becky G. REITCHECK 
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Bowling Green, Kentucky 42101 


ABSTRACT 
The anterior one-third of compound eyes were removed at midday, light offset, midnight or light onset 
from cockroaches (Leucophaea maderae) acclimated to 25+2°C and entrained to a 12-hour light/12-hour 
dark photoperiod schedule. The removed tissues were prepared for examination by means of a Zeiss trans- 
mission electron microscope. The spatial arrangement of retinula cell screening pigment granules in relation 
to the rhabdom, determined using a quantitative technique, changed markedly with time of day. In eye 
tissue removed at midday, these granules were clustered adjacent to the rhabdom, whereas, in tissue samples 
taken at midnight, they were dispersed and separated from the rhabdom by a palisade layer. Time or light 

dependent changes in rhabdom diameter were not evident 


INTRODUCTION 


The cockroach, Leucophaea maderae, is an 
excellent model system in which to study the 
functional and anatomical organization of cir- 
cadian systems involved in timing the occur- 
rence of biochemical, physiological and_be- 
havioral events. Its circadian system is one of 
the most understood in terms of its anatomical 
organization and functional properties. Cir- 
cadian rhythms of locomotor activity (reviews, 
1, 2), cuticle deposition in newly molted adults 
(3) and amplitude of the electroretinogram 
(ERG) of the compound eye (4, 5) have been 
characterized. Furthermore, rhythms of loco- 
motor activity and ERG amplitude are both 
thought to be regulated by a pair of mutually 
coupled oscillators each located in a similar 
discrete area (i.e., lobula) in the optic lobe of 
the cockroach brain (reviews, 1, 2). Despite 
their close proximity anatomically, it remains 
to be established whether or not the pacemaker 
that regulates the expression of the locomotor 
activity rhythm is the same one that regulates 
the expression of the ERG rhythm. Resolution 
of this question must await the discovery of 
the precise anatomical location of the oscilla- 
tor(s) regulating the expression of each rhythm. 
Tracing efferent neural pathways from their 
termination at effector organs exhibiting a cir- 
cadian oscillation to the regulatory oscillator(s) 
involved offers a plausible avenue along which 
to proceed in answering this question. How- 
ever, in order to map this efferent neural path- 
way, it is necessary to characterize an overt 
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rhythm expressed in a discrete anatomical unit 
(e.g., retinula cell) affected by the oscillator(s). 

Time-dependent variations in eye sensitivity 
to light measured by ERG occur in a number 
of arthropods (6, 7, 8, 9, 10, 11, 12), including 
L. maderae (4, 5). The strength of electrical 
responses attributed to retina cells to brief (10 
msec) light pulses (i.e., electroretinogram) con- 
tinued to vary with time of day in restrained 
cockroaches held under constant conditions of 
temperature and darkness for several cycles. 
Analysis of the pattern in the amplitude of 
these electrical recordings taken over a 3-day 
period indicated that the cockroach eye con- 
tinues to be most sensitive to light pulses ad- 
ministered during the cockroaches’ subjective 
night (i.e., active period) approximately at 24- 
hour intervals (4, 5). The cellular mechanisms 
responsible for the observed changes in eye 
sensitivity have not been characterized in L. 
maderae. 

Changes in eye sensitivity to light are likely 
to be partially dependent on morphological 
changes in the photoreceptive units (i.e., om- 
matidia) of L. maderae as they are in other 
arthropods studied (13, 14, 15, 16). Circadian 
rhythms of pigment granule migration and 
physiological functions in Limulus retinula cells 
for example, are regulated by output from an 
optic lobe pacemaker via efferent neural path- 
way(s) (16, 17, 18, 19, 20). Temporal changes 
in retinula cell morphology have been docu- 
mented in another cockroach species, Peripla- 
neta americana (21, 22), as well as in other 
arthropods, such as crayfish (8, 23), a moth (14) 
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and an isopod (15). Retinula cell screening pig- 
ment granules (SPG) aggregate about the pho- 
toreceptor region (i.e., rhabdom) in light- 
adapted eyes of P. americana, whereas, they 
are dispersed and separated from the rhabdom 
by a palisade layer in dark adapted eyes. 
Another morphological feature which varies 
temporally is rhabdom size (24, 25, 26). In a 
grapsid crab, for example, rhabdom volume at 
night was increased 8 times over the daytime 
volume. In light of existing evidence in ar- 
thropods, including a cockroach (21), it seems 
likely that an endogenously regulated time de- 
pendent variation in the morphology of om- 
matidia from L. maderae should also occur. 
As a first step toward testing this hypothesis, 
this study was designed to determine the oc- 
currence or absence of a daily rhythm in re- 
tinula cell morphology using a simple quan- 
titative method. The spatial arrangement of 
retinula cell SPG adjacent to the rhabdom and 
rhabdom diameter were the morphological 
features of choice to monitor for the presence 
of a daily rhythm. If a daily rhythm in either 
of these 2 obvious morphological features can 
be demonstrated, analysis of an overt circadian 
rhythm in a discrete anatomical unit should 


be feasible. 


MATERIALS AND METHODS 


Animals and Cage Conditions.—Freshly 
emerged adult male L. maderae used in this 
study were obtained from a pair of rearing 
colonies maintained in the laboratory. Both 
colonies were maintained in 24 hr light/dark 
cycles that consisted of 12 hr of light alternated 
with 12 hr of darkness (LD 12:12). Light onset 
regulated by an automatic timer occurred at 
0600 hr in one colony and 1800 hr in the other. 
The establishment of 2 colonies under photo- 
periodic conditions 12 hr out of phase with 
each other eliminated the need to collect sam- 
ples during the observer's night. Roaches were 
transferred from these colonies to environ- 
mental chambers set with corresponding light/ 
dark cycles and the temperature was main- 
tained at 25 + 2°C. Six roaches in each cham- 
ber were housed individually in plastic run- 
ning wheels equipped with 2 magnetic reed 
switches that were closed upon each revolution 
of the wheel. These switches were wired to an 
Esterline-Angus event recorder. Each time a 
switch was closed a pen was deflected leaving 


a dash mark on a paper strip chart that moved 
at a constant rate. Thus, a recording of the 
activity of these roaches could be monitored 
continuously and the 24-hour pattern of activ- 
ity determined. Roaches received water via a 
wick that protruded through and food (puppy 
chow) attached to an immovable faceplate of 
the running wheel ad libitum. The roaches 
were allowed at least 10 days to acclimate to 
cage conditions inside the environmental 
chambers. When activity onset recurred pre- 
cisely at the same time daily, the animals were 
considered to be entrained to the photoperi- 
odic schedule. 

Tissue Preparation.—Roaches were re- 
moved from the environmental chambers at 
midday, offset of light, midnight or onset of 
light, anesthetized with carbon dioxide and 
taped to the underside of a plastic petri dish 
lid with their head protruding through a hole. 
The head was held stable with tape and po- 
sitioned under a binocular dissecting micro- 
scope. Dissection of eyes from roaches at mid- 
night was carried out under deep red light (A 
> 615 nm) using a bandpass filter. The anterior 
one-third of each compound eye to be studied 
was surgically removed using a fractured razor 
blade scalpel. The approximately 1 mm wide 
strips of eye tissue were fixed in 3% glutaral- 
dehyde for 2.5 hr, rinsed 2 times in Sorenson’s 
phosphate buffer (27) and postfixed for 1.5 hr 
in 4% osmium tetroxide. The tissue sample was 
rinsed twice in buffer, dehydrated through a 
series of alcohol solutions, positioned in a Beem 
capsule containing Spurr (low viscosity epoxy 
resin) with the convex surface of the eye facing 
downward and placed in an oven set at 60°C 
for 12 hr. The eye tissue was sectioned using 
a glass knife mounted on a Reichert OM U2 
ultramicrotome. Sections were collected on 200 
mesh copper grids for examination using a Zeiss 
transmission electron microscope. All photo- 
micrographs were taken at 1,900 magnification 
and pictures enlarged 3.4 times for measure- 
ments of structures at a total magnification of 
6,460 times. 

Analysis of Morphological Differences.— 
Measurements of ommatidial structures used 
in the analysis of morphological differences 
were obtained from sections taken immedi- 
ately proximal to the crystalline cone. This 
landmark was easy to identify and improved 
the reliability of comparisons made between 
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Fic. 1. Transmission electron photomicrographs of cross sections of ommatidia surgically removed from cockroaches 
at midday (a), light offset (b), midnight (c) or light onset (d). Roaches had been maintained under LD 12:12 at 25 + 
2°C. All sections were taken near the proximal end of the crystalline cone (CC). Note the position of the retinula 
screening pigment granules (SPG) within the 10 um diameter circle centered about the rhabdom (R) at the different 
times of day and the well developed palisade layer (PL) in micrograph c. 


similar regions of ommatidia obtained from The morphological features of particular in- 
cockroaches at different times of day. Because terest were the spatial arrangement of SPG 
of the curvature of the eye, it was not possible adjacent to the rhabdom and rhabdom diam- 
to obtain a large sample of cross sections from eter. In that few cross sections were obtained 
one tissue sample. Therefore, measurements that were precisely perpendicular to the lon- 
for analysis were obtained from 3 ommatidia  gitudinal axis of an ommatidium, measure- 
for each of 3 animals for each time of day. ments of diameter were made through the cen- 
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ter of the rhabdom at its narrowest width. The 
center of the rhabdom was taken as the point 
where rhabdomeres converged. A 10 um di- 
ameter circle was then centered about this point 
and the number of SPG encompassed by the 
circle counted. Measurements of the number 
of SPG and rhabdom diameter were subjected 
to a one-way analysis of variance and Student- 
Newman-Keul’s range test in order to assess 
temporal differences in morphology. 


RESULTS 


Based on analysis of locomotor activity re- 
cordings, roaches used in this study appeared 
to be entrained to photoperiodic conditions (LD 
12:12). Activity onset recurred at a fixed time 
daily near light offset. 

The number of SPG adjacent to the rhab- 
dom varied with time of day in cockroaches 
held under a photoperiodic schedule of 12 hr 
of light and 12 hr of dark and a constant tem- 
perature of 25 + 2°C (Table 1 and Fig. 1). 
The number of SPG was greatest during mid- 
day with 99 + 20 encompassed by a 10 um 
diameter circle centered about the rhabdom. 
This number contrasted significantly with the 
number of granules (29 + 15) encompassed at 
midnight. The number of SPG associated with 
transition times of light offset and light onset 
did not differ significantly from the number 
at midday. A palisade layer adjacent to the 
rhabdom was obvious at midnight but not dur- 
ing midday (Fig. 1). 

The rhabdom diameter did not vary consis- 
tently with time of day (Table 1). No signifi- 
cant differences in diameter were identified in 
comparisons among times of day. Vesicles as- 
sociated with the peripheral border of the 
rhabdom were found in several ommatidia col- 
lected at the transition times of light offset and 
light onset. 


DISCUSSION 


The spatial arrangement of retinula SPG in 
relation to the rhabdom varied with time of 
day in the cockroach, L. maderae, similar to 
changes reported for another cockroach species, 
P. americana (21, 22). The morphology of om- 
matidia in L. maderae was strikingly similar 
to that reported for P. americana (21, 28). In 
light of this fact and the fact that the focus of 
this study was not a detailed analysis of om- 
matidial structure, only relevant structures will 


TaBLeE 1. Rhabdom diameter and the number of screen- 
ing pigment granules within a 10 wm diameter circle cen- 
tered about the rhabdom of ommatidia taken at four times 
of day in cockroaches maintained under LD 12:12 and 25 
 2°C. 


Time of Rhabdom Number of 
day N} diameter (um) SPG 

Midday 9 3.9 + 0:77 99 + 2085 
Light offset 9 3.4 +08 91 + 278 
Midnight 9 4.0 + 1.4 29 + 15% 
Light onset 9 44+ 0.4 78, + 253 
ANOVA N.S. P < 0.001 
SNK _ P < 0.05 

''N is the number of ommatidia examined 

* Mean + the standard deviation about the mean 

° Mean values with letters in common are not significantly different at the 
95% confidence level according to Student-Newman-Keul’s range test 


be described. At the level of ommatidia stud- 
ied, SPG were clustered adjacent to the rhab- 
dom in the light-adapted state (i.e., midday) 
and were less numerous and separated from 
the rhabdom by a palisade layer in the dark 
adapted state (i.e., midnight). The spatial ar- 
rangement observed in eyes during transition 
times, such as light offset and light onset, was 
intermediate but more similar to the light 
adapted condition. Perhaps light present dur- 
ing the removal of eye tissue at transition times 
might have induced changes in pigment ar- 
rangement toward the light adapted state. 
Another possibility might have been that dis- 
sections of eye tissue were carried out mainly 
during the lighted period either preceding light 
offset or following light onset. In that the tran- 
sition between the light adapted to dark adapt- 
ed state and vice versa probably requires less 
than one hour (29, 30), it would be likely to 
observe the morphological transition at a phase 
more similar to the light adapted state. In any 
event, it is clear that the spatial arrangement 
of SPG in ommatidia of L. maderae compound 
eyes, as in P. americana, undergo pronounced 
changes between light- and dark-adapted states. 
Based on results of this study, it is not possible 
to assess whether the SPG within retinula cells 
become dispersed in the cytoplasm or move 
proximally along the rhabdom in dark-adapt- 
ed condition, as has been reported for other 
arthropods (31). However, to assess which of 
these possibilities is correct would require lon- 
gitudinal sections or serial sections of omma- 
tidia. The curvature of the eye makes the col- 
lection of longitudinal sections impractical. 
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Collecting serial sections would be the pre- 
ferred method but is very time consuming. 
Although interesting, resolution of this ques- 
tion is not necessary in addressing the question 
of whether or not morphological changes would 
recur on a circadian basis in cells of this ana- 
tomically discrete unit. 

The diameter of the rhabdom at the level 
studied did not vary consistently with time of 
day. This finding was unexpected in light of 
the fact that the rhabdom expands distally in 
the dark-adapted state in other invertebrates 
tested (16, 24, 25, 26, 32). Ommatidial diam- 
eter decreases proximally in P. americana (21), 
however, and perhaps a temporal variation was 
obscured by variation due to sectioning at dif- 
ferent levels despite attempts to avoid this pos- 
sibility. Three-dimensional analysis of rhab- 
dom structure would be required to check for 
the presence of volumetric changes. The pres- 
ence of vesicles at the outer edges of membrane 
folds of rhabdoms from several eyes collected 
at light offset and onset provided evidence that 
changes in rhabdom structure took place. This 
observation was consistent with observations 
reported for rhabdom membrane turnover in 
other arthropods (29). Vesicle attachment to 
or dissociation from the inner ends of rhab- 
domere membrane folds has been attributed 
to the function of altering either photoreceptor 
surface area and/or the concentration of pho- 
toreceptive pigment (29, 31). In L. maderae 
eye sensitivity as measured by ERG is due 
primarily to changes in the probability of pho- 
ton capture (5) which could be altered by either 
photoreceptor surface area or pigment con- 
centration changes (16). Because rhabdom di- 
ameter did not change between light- and dark- 
adapted states in L. maderae, the possibility 
that changes in photon catch result from 
changes in photoreceptive pigment concentra- 
tion seems more likely. In any event, the results 
of this study indicate rhabdom diameter is not 
an appropriate morphological feature to mon- 
itor in investigations of circadian organization. 

Although a daily change in SPG arrange- 
ment in relation to the rhabdom occurred, it 
remains to be determined whether these 
changes are partially or wholely light induced 
and/or regulated endogenously. Light can me- 
diate the migration of SPG in insects (33). Eyes 
used in this study were removed from cock- 
roaches under lighting conditions appropriate 


for the time of day samples were obtained. 
Eyes were removed under white light at mid- 
day, whereas, at midnight they were removed 
under red light at wavelengths outside the range 
reportedly detected by L. maderae (34). Be- 
cause light may have an overriding affect on 
an underlying endogenously controlled rhythm 
in eye morphology (29), it is necessary to main- 
tain roaches under constant dark and temper- 
ature conditions, remove eyes at appropriate 
times over a 3-day period and carry out dis- 
sections under conditions of deep red light in 
order to determine whether or not the changes 
are endogenously regulated. If a circadian 
rhythm in the spatial arrangement of retinula 
cell screening pigment granules can be de- 
tected, important questions regarding circa- 
dian organization can begin to be addressed. 
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Two new genera, Mediocerus and Mexicanocerus, and Five 
New Species of Idiocerinae (Homoptera: Cicadellidae)' 


PauL H. FREYTAG 


Department of Entomology, University of Kentucky, 
Lexington, Kentucky 40546-0091 


ABSTRACT 


The new genus Mediocerus, with new species M. mexicanus (type-species), M. parallelus and M. excavatus, 
and the new genus Mexicanocerus, with new species M. whitacrei (type-species) and M. minutus are all 


described from Mexico 


Two new genera of idiocerine leafhoppers, 
recently collected from Mexico, are described 
at this time. Both genera resemble the dolosus 
group of Idiocerus (Freytag, 1965), but both 
genera have a different type of male genitalia, 
and differ from each other. No host-plant as- 
sociations are known, as most specimens were 
collected by David Whitacre, University of 
California, who extracted them from the crops 
of swifts. 


Mexicanocerus gen. n. 


Crown short, broadly rounded, nearly same 
length in middle as near eyes. Face broad, 
somewhat convex. Ocelli small, usually same 
distance from eye as from each other. Femeral 
setal formula 2-0. Aedeagus short, with robust 
apodeme, one pair of ventral basal processes, 
apex of shaft with sharp spine-like process. 
Forewing with venation as in Idiocerus. 

Type-species: Mexicanocerus whitacrei 
sp. n. 

This genus is similar in appearance to the 
Idiocerus dolosus group as they are usually 
brown, and either speckled or spotted with 
dark brown. Both Mexicanocerus and Idioce- 
rus (dolosus group) occur in the same geo- 
graphical region and are the same size, shape 
and color. Mexicanocerus is, however, easily 
recognized by the differences of the male gen- 
italia. In Mexicanocerus the aedeagus has a 
pair of basal processes as well as a single spine 
at apex of shaft (easilly broken off), whereas 
Idiocerus and other genera occuring in Mexico 
and Central America have neither of these 
characters, 


' This paper is published with the approval of the Di- 
rector of the Kentucky Agricultural Experiment Station 
as journal article no. 89-7-186 


32 


Mexicanocerus whitacrei sp. n. 
(Figs. 1-4) 

Length of males 6.0-6.1 mm, female un- 
known; width of male head 2.5 mm. Vertex 
broadly rounded, thin, same length in middle 
as near eyes, wider than pronotum. 

Color: head, pronotum and scutellum light 
brown with dark brown speckles and _ spots. 
Forewings brown, with veins dark brown, some 
lighter spots at ends of claval veins and in 
anteapical cells. 

Male genitalia: pygofer bluntly rounded, 
with process on dorsal margin robust and 
bluntly foot-shaped. Plate long, bent slightly 
at one-third length, slightly longer than py- 
gofer. Style short, robust, wider at apex which 
is hook-shaped, setae along outer apical mar- 
gin. Aedeagus robust at base, shaft narrowing 
to very thin apex, with an apical spine directed 
ventrad; basal processes narrow, nearly par- 
alleling shaft, extending to apex of shaft; apo- 
deme large, close to shaft. 

Holotype male: Mexico, labeled “Near Tax- 
co, Guerrero, 27-30 June 1985, David F. Whit- 
acre, from crop of swift,” and deposited in the 
California Academy of Science Collection. 
Paratypes: 5 males, same data as holotype, 3 
deposited in the California Academy of Sci- 
ence Collection and 2 in the University of Ken- 
tucky Collection. 

Note: This species is named For David F. 
Whitacre, the collector of this species. 


Mexicanocerus minutus sp. n. 
(Figs. 5-8) 
Length of male 5.3 mm, female unknown: 
width of male head 1.8 mm. Vertex evenly 
rounded, same length in middle as next to eyes. 
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Fics. 1-4. 


Mexicanocerus whitacrei sp. n. 1, ventral view of aedeagus. 2. lateral view of aedeagus. 3. lateroventral 


view of style. 4. lateral view of genital capsule and anal tube. 
Fics. 5-8. Mexicanocerus minutus sp. n. 5. ventral view of aedeagus. 6. lateral view of aedeagus. 7. lateroventral 
view of style. 8. lateral view of genital capsule and anal tube. All drawn to same scale. 


Color: head uniformly yellow brown with 
darker brown shading along lateral margins of 
clypeal area, two small dark “eye spots” on 
margin. Pronotum yellow brown mottled with 
brown. Scutellum mostly brown with some 
lighter yellow brown areas, especially at pos- 
terior end. Forewings hyaline with brown veins, 
basal costal margin thickened and yellow. 

Male genitalia: pygofer short, bluntly round- 
ed, apex notched, giving dorsal margin trun- 
cated appearance. Plate long, narrow, bent 
slightly near base, longer than pygofer. Style 
small, narrowing and curving to pointed apex, 
setae on outer margin at apex. Aedeagus small, 
shaft narrowing to very fine pointed apex, with 
a small ventral projecting spine at apex; a pair 
of basal processes extending to near apex of 
shaft; apodeme large, diamond-shaped. 

Holotype male: Mexico, labeled “Chiapas, 
3 June to 6 July 1985, David F. Whitacre, from 
crop of swift,’ deposited in the California 
Academy of Science Collection. 

Notes: This species is easily separated from 
whitacrei by being smaller and having dis- 
tinctly different male genitalia, as noted in Fig- 
ures 1-4 for whitacrei and Figures 5-8 for 
minutus. The spine at the apex of the aedeagus 
can be easily broken off on both species as it 
was on the type of this species when the spec- 
imen was being dissected. 


Mediocerus gen. n. 


Crown very short, broadly rounded, usually 
much shorter in middle than near eyes. Face 
ventral, somewhat convex. Ocelli small, usu- 
ally somewhat closer to eyes than distance be- 
tween them. Femoral setal formula 2-0. Ae- 
deagus strap-like, with one pair of processes 
which arise from and parallel to shaft, apex 
slightly expanded, flattened, rounded; apo- 
deme large and rounded. 

Type-species: Mediocerus mexicanus sp. n. 

This genus is also similar in appearance to 
the Idiocerus dolosus group and Mexicanoce- 
rus. However, this genus can be easily recog- 
nized by the differences in the male genitalia. 
In Mediocerus the aedeagus has a pair of in- 
conspicuous processes arising from and par- 
alleling shaft, and the shaft curves from the 
base. In other genera the processes of the ae- 
deagus are usually apical or subapical and the 
shaft angles from the base. 


Mediocerus mexicanus sp. n. 
(Figs. 9-12) 

Length of male 7.0 mm, female 7.2 mm; 
width of male head 2.8 mm, female head 3.0 
mm. Vertex evenly rounded, much shorter in 
middle than near eyes. Pronotum bulbous, el- 
evated above head. Forewings flaring, vena- 
tion as in Idiocerus, with a large appendix. 
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Mediocerus mexicanus sp. n. 9. ventral view of aedeagus. 10. lateral view of aedeagus. 11. lateroventral 


view of style. 12. lateral view of genital capsule and anal tube. All drawn to same scale 


Color: generally yellowish-brown, mottled 
with brown on head, pronotum and scutellum. 
Forewings mostly uniformly yellow brown with 
brown veins, second claval vein ending with a 
whitish spot, lighter yellow area between end 
of second claval vein and apex of clavus, ex- 
tending toward the costal area of wing (more 
extensive in female and forming band across 
wing). 

Male genitalia: pygofer narrow, bluntly 
pointed at apex, thickened ventral margin, with 
a foot-shaped process on dorsal margin below 
anal tube. Plate long, narrow, nearly same 
width throughout, same length as pygofer. Style 
even width to narrower claw-like apex, outer 
margin below apex with a group of setae, some 
setae extending nearly to base. Aedeagus long, 
strap-like, with a pair of processes starting at 
two-thirds length of shaft, paralleling shaft, 
extending length of shaft; apodeme large, bul- 
bous. 

Female genitalia: ovipositor extending be- 
yond pygofer by its own width. Pygofer round- 
ed, somewhat narrowed at apex. Seventh ster- 
num triangularly produced with a rounded 
median emargination. 

Holotype male: Mexico, labeled “Cuerna- 
vaca-Acapulco Road, Mexico, 8-29-36, Ball & 
Stone, 382,” in the U.S. National Museum Col- 
lection. Paratype female, same data and on the 
same point with the holotype. 

Note: No other specimens of this species have 
been seen. 


Mediocerus parallelus sp. n. 
(Figs. 13-16) 

Length of males 7.2-7.3 mm, female un- 
known; width of male’s head 2.8 mm. Vertex 
evenly rounded, very thin in dorsal view. 
Pronotum, scutellum and forewing as in Me- 
diocerus mexicanus. 


Color: similar to mexicanus, but slightly 
darker brown, with white spot at apex of both 
claval veins and lighter yellow area forming 
definite band across forewing from costal mar- 
gin to apex of clavus, veins in band tinged with 
white. 

Male genitalia: similar to mexicanus but 
larger. Pygofer process bluntly truncate. Ae- 
deagus longer, curved near apex, with pro- 
cesses half length of shaft. 

Holotype male: Mexico, labeled “Arcelia, 
Guerrero, 8-17-30, MF 1766, J. Parra Coll.,” 
in the DeLong Collection, Ohio State Univer- 
sity. Paratype, one male labeled “Near Taxco, 
Guerrero, 27-30 June 1985, David F. Whit- 
acre, from crop of swift,” deposited in the Cal- 
ifornia Academy of Science Collection. 

Note: this species is nearly the same size and 
shape as mexicanus, but differs in both color 
pattern and male genitalia (Figs. 9-12 and 13- 
16). 


Mediocerus excavatus sp. n. 
(Figs. 17-20) 

Length of male 7.0 mm, female unknown; 
width of male head 2.6 mm. Similar to par- 
allelus, only smaller, darker, with different 
male genitalia. 

Color: generally the same color pattern as 
parallelus, but spotting, especially on face, dark 
brown; band across forewing less conspicuous. 

Male genitalia: pygofer bluntly pointed at 
apex, thickened along entire ventral margin, 
process large, foot-shaped. Plate longer than 
pygofer, angled near middle. Style expanded 
slightly near apex, with apex forming large 
claw-like hook, setae mostly on basal area of 
hook (Fig. 19). Aedeagus strap-like, bent dor- 
sad near apex, with processes one-third length 
of shaft, parallel to shaft, extending to near 
apex of shaft. 
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Fics. 13-16. Mediocerus parallelus sp. n. 13. ventral view of aedeagus. 14. lateral view of aedeagus. 15. lateroventral 
view of style. 16. lateral view of genital capsule and anal tube. 

Fics. 17-20. Mediocerus excavatus sp. n. 17. ventral view of aedeagus. 18. lateral view of aedeagus. 19. lateroventral 
view of style. 20. lateral view of genital capsule and anal tube. All drawn to the same scale. 


Holotype male: Mexico, labeled “Puebla, 
13.3 mi. NE Tehuitzingo, July 13-14, 1974, 
Clark, Murray, Ashe, Schaffner,” from the 
Texas A&M University Collection, and to be 
deposited in the California Academy of Sci- 
ence Collection. 

Note: This species is similar to parallelus, 
but the pygofer process is more foot-shaped 
and the style is very distinctly notched at apex. 
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ABSTRACT 


The forested lands of Kentucky, which presently cover approximately 50% of the state, have virtually all 
been harvested at least once. A variety of evidence suggests that regeneration of forests following harvest is 
rapid, closely reflecting the original stand structure and composition. Rapid regeneration may be attributed 
to sprouting from stumps. Height and diameter growth of stems originating from stumps in a six-year-old 
clearcut in eastern Kentucky were approximately twice those of seedlings or root sprouts. Within the 15 
species where statistically significant differences occurred, diameter and height growth averaged 352% and 
299% greater than for seedlings, respectively. Rapid growth of stump sprouts provides a mechanism for 
recovery of forests following harvest which relies on the competitive edge provided by previously-established 
root systems. This mechanism retains much of the original species composition and abundance. Thus, 
succession in these forests is observed to be rapid, and quickly approximates the original stand composition 
and structure. Conservation of Kentucky's forest resources depends upon cutting practices which minimize 
disturbance to the below-ground structure of the ecosystem and allow maximum sprout regeneration to 


occur 


INTRODUCTION 


The natural vegetation of most of Ken- 
tucky’s land resource is deciduous forest. With 
only a few exceptions, most of this land base 
has been disturbed by varying degrees of hu- 
man activity. The most intense disturbance has 
come recently. Surface mining of mineral de- 
posits, which destroys all semblance of prior 
ecosystem structure, has affected over 105,000 
ha of land over the last 30 years (J. Cobb, pers. 
comm. ). Clearing for agricultural production, 
which has occurred since the time of settle- 
ment, is less intense. However, this activity still 
removes all species of higher plants and alters 
much of the soil microflora and physical struc- 
ture. Forest harvest is perhaps the least inten- 
sive of the major uses of Kentucky’s lands, but 
has influenced virtually all of Kentucky’s forest 
lands. While these harvests usually did not 
amount to an absolute clearcut, they were in- 
tense in most cases. By the late 1940s almost 


' The ideas in this paper were presented in a symposium 
(Ecological Succession in Kentucky) sponsored by the Bot- 
any and Microbiology Section at the 1988 meeting of the 
Kentucky Academy of Sciences. This investigation (No. 
89-8-176) is connected with a project of the Kentucky 
Agricultural Experiment Station and is published with the 
approval of the Director. 
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all of Kentucky’s forest lands had been har- 
vested at least once. 

Following each of these forms of distur- 
bance, recovery of a viable ecosystem occurs. 
However, the character of that ecosystem, the 
kinds of species that are present, and the level 
of productivity that can be expected, depends 
ultimately on the kind and intensity of distur- 
bance. Disturbance which removes not only 
the existing vegetation but also the soil resource 
will result in a much different recovery process 
than disturbance which removes the above- 
ground vegetation only and leaves the below- 
ground structure of the ecosystem intact. In 
current practice, forest harvest involves re- 
moval of trees at ground level. With the ex- 
ception of soil disturbance caused by road con- 
struction, and skidding and yarding of logs, 
the physical structure of the below-ground eco- 
system remains relatively undisturbed. 

Forest harvest has affected almost all lands 
of the state at one time or another. In under- 
standing its impact on present-day forest com- 
position and structure two considerations are 
important: (1) second-growth forests which 
have developed following cutting usually ex- 
hibit species composition and structure closely 
similar to the old-growth forests originally on 
the site; (2) an important mechanism contrib- 
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uting to this rapid recovery is the production 
of sprouts from stumps left behind following 
harvest. This paper examines evidence sup- 
porting both these points. 


ForEST RECOVERY FOLLOWING 
HARVEST 


Several lines of evidence suggest that eco- 
system recovery following forest harvest is rap- 
id and reasonably complete. While early de- 
scriptions of the forests of Kentucky at the time 
of settlement were often subjective and frag- 
mentary, they suggest a similarity in compo- 
sition with present-day forests. Extensive sur- 
veys of species composition at the time of 
settlement are provided by survey records 
which used witness trees to identify section and 
township corners. Review of survey records 
from the Jackson Purchase area of Kentucky 
has shown few major shifts in species compo- 
sition of the vegetation since the time of set- 
tlement (1). Other early descriptions of the 
vegetation of the state (2, 3, 4) further suggest 
a qualitative similarity with that observed to- 
day. The most extensive ecological descriptions 
of the vegetation of Kentucky come from E. 
Lucy Braun (5, 6, 7, 8). Many of her analyses 
came from forests which had not been cut. Her 
evaluation of patterns of species association and 
distribution across the landscape provides a de- 
scription of much of the vegetation pattern 
which occurs today in the predominantly sec- 
ond-growth forests of Kentucky. 

Direct comparisons of old-growth and sec- 
ond-growth stands growing on similar sites fre- 
quently show rapid recovery of Kentucky’s 
forests following cutting. Bougher and Win- 
stead (9) analyzed composition and structure 
of an old-growth Quercus alba forest in central 
Kentucky and compared it with several nearby 
second- and third-growth stands. All stands ex- 
hibited similar species composition with 17 of 
a total of 29 species occurring on both old- 
growth and second-growth sites. Size-class dis- 
tributions of trees in old-growth and second- 
growth were similar. Stands of both classes 
exhibited a negative exponential (inverse 
J-shaped) distribution, which is frequently re- 
garded as being characteristic of all-age or old- 
growth forests (10, 11, 12) (Fig. 1). The normal 
size-class distribution, which is frequently 
characteristic of second-growth (even-aged) 
stands, was not evident. The major differences 


between the old-growth and the second-growth 
areas included increased importance of Lir- 
iodendron tulipifera and Quercus velutina, 
and reduced importance of Q. alba, along with 
reduced numbers of larger trees (>58 cm dbh) 
in the second-growth. Such shifts in impor- 
tance might be expected for species such as 
Liriodendron tulipifera which establishes ef- 
fectively on disturbed sites from wind-blown 
seed. 

Lilley Cornett Woods in southeastern Ken- 
tucky has provided a similar opportunity for 
comparison of old-growth and second-growth 
forest stands. Lilley Cornett Woods contains a 
remnant old-growth forest on sites which are 
typical of the Rugged Eastern Area of the 
Cumberland Plateau (13). A 52.0 ha watershed 
containing old-growth forest has been com- 
pared with an adjacent 89.4 ha watershed con- 
taining a 40-year-old forest regenerating from 
intensive harvest (14). Species composition of 
the 2 sites was very similar, with 40 of a total 
of 49 species occurring in both watersheds. The 
9 species which occurred in only 1 of the 2 
watersheds were all of minor importance. As 
found in the central Kentucky example, size- 
class distributions at Lilley Cornett Woods were 
extremely similar between the old-growth and 
second-growth stands. Both approximated the 
negative exponential distribution characteris- 
tic of all-aged forest stands (15) (Fig. 1). This 
negative exponential size-class distribution is 
important, for it implies that the physical 
structure of young, regenerating forest stands 
rapidly approximates that found in old-growth 
conditions. More importantly, community 
analysis of old-growth and second-growth 
stands shows very similar community struc- 
ture. The old-growth forest at Lilley Cornett 
Woods can be characterized by the presence 
of three major forest types which are best re- 
lated to slope position: (1) beech-dominated 
stands occur on lower slope positions and in 
ravines, (2) sugar maple stands occur on mid- 
slope positions of north and east aspects, and 
(3) chestnut oak-red maple stands occur on 
upper slopes, ridges, and exposed mid-slopes 
of south and west aspect. These same forest 
types exist in the adjacent second-growth and 
contain approximately the same overall com- 
position (14). 

The data from Lilley Cornett Woods sup- 
port prior evidence suggesting rapid recovery 
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Fic. 1. Size-class distributions of old-growth and second- 


growth stands at Bonayer Woods, Barren County (curves 
a and b, respectively) and at Lilley Cornett Woods, Letch- 
er County (curves c and d). Data from Bougher and Win- 
stead (1974) and Muller (1983), respectively. For visual 
clarity data for Lilley Cornett Woods have been offset 75 
cm to the right of the origin, and for each site the second- 
growth stand has been offset 10 cm to the right of the old- 
growth stand. 


of forests following cutting and suggest that 
important mechanisms exist which speed the 
successional process. In other regions of the 
eastern deciduous forest, succession following 
forest harvest may depend upon colonization 
by pioneer species and subsequent replace- 
ment by successive stages of species charac- 
teristic of more mature forests (16). However, 
in Kentucky succession following forest harvest 
involves almost immediate replacement by the 
original species composition and very rapid 
recovery of structural characteristics. This rap- 
id recovery without intermediate successional 
stages depends upon unique mechanisms of 
recovery following disturbance. 


MECHANISMS OF FOREST 
REGENERATION 


It is well-known that regeneration of dis- 
turbed forests can come from any of 3 sources: 
(1) newly-established seedlings arising from 


buried seed pools or seed arriving after the 
disturbance, (2) release of previously-estab- 
lished seedlings which remained in the under- 
story prior to harvest, and (3) rapid growth of 
stump sprouts following harvest (17). The pres- 
ence of buried seed pools and the arrival of 
seed after harvest are important to the suc- 
cessful establishment of pioneer or early 
successional species on a recently disturbed site. 
These same mechanisms may also be impor- 
tant in establishment of later successional 
species. However, stump sprouts and release 
of previously-established seedlings may be more 
important in re-establishment of later succes- 
sional species. The advanced growth potential 
that stump sprouts and previously-established 
seedlings have by virtue of well-established root 
systems may provide a significant competitive 
edge over new seedlings. Growth of these 3 
forms of regeneration was analyzed in a six- 
year old clearcut on the University of Ken- 
tucky’s Robinson Forest in Breathitt County, 
southeastern Kentucky, to determine their 
contribution to successional recovery of the 
ecosystem. 


METHODS 


Regeneration patterns of central Appala- 
chian forests were analyzed in a clearcut wa- 
tershed of 11.2 ha size at the University of 
Kentucky’s Robinson Forest in Breathitt, Knott, 
Perry Counties, southeastern Kentucky. The 
watershed contained a mature, 70-year-old 
second-growth forest at the time of cutting. 
Oaks (Quercus alba, Q. coccinea, Q. prinus, 
and Q. velutina) and hickories (Carya cordi- 
formis, C. glabra, C. ovalis, C. ovata, and C. 
tomentosa) accounted for 57% of overstory 
density prior to cutting. At the time of cutting 
all stems were cut at stump height (0.3 m) and 
merchantable stems were removed from the 
site. Other than the disturbance caused by road 
and yard construction, the physical structure 
of the below-ground ecosystem, especially root 
crown structure, remained intact. 

Regeneration was surveyed 6 years follow- 
ing harvest, during the winter of 1988-1989. 
Transects were established at 4 elevations (348, 
366, 387, and 409 m), and a total of 50 sample 
points were established randomly, with the 
number of sample points on each transect being 
proportional to its length. At each sample point 
a circular plot (2 m diameter) was established 
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and all stems were sampled. Stems were iden- 
tified, classified as being seedlings, root sprouts 
or stump sprouts, and height and diameter 
at the base were determined. A section was 
removed from the base of root sprouts and 
seedlings to determine age of the individual. 
Stump sprouts were assumed to have arisen 
following cutting. Stumps greater than 10 cm 
diameter were sampled separately by choosing 
the 2 stumps of that size closest to the sampling 
point. Basal diameter and height of all sprouts 
were measured, as well as stump identity, di- 
ameter, and distance from the sample point. 

Because of extreme skewness, the data were 
analyzed nonparametrically. The presence of 
intergroup differences was tested by single- 
factor analysis of variance of ranks using the 
Kruskal-Wallis statistic. Significant differences 
between all possible pairs of groups were tested 
using the Wilcoxon statistic. Results with prob- 
ability of error less than 0.05 were considered 
to be significant. 


RESULTS 


A total of 953 seedlings, root sprouts and 
stump sprouts were sampled within the 50 cir- 
cular plots. Significant differences in growth 
characteristics were exhibited among the 3 
classes overall (Table 1). Diameter and height 
of stump sprouts were larger than those of 
either seedlings or root sprouts. Seedling di- 
ameter was slightly larger than root-sprout di- 
ameter, but height of these 2 classes was not 
different. Seedlings present prior to cutting 
(median diameter—2.9 cm; median height— 
3.46 m) were significantly larger than seedlings 
established since harvest (median diameter— 
1.0 cm; median height—1.54 m). 

The independent analysis of large stumps 
(>10 cm diameter) sampled stumps consid- 
erably larger (median diameter—17.1 cm) than 
those occurring in the plot samples (median 
diameter—4.2 cm). Sprouts established from 
those larger stumps were also considerably 
larger (median diameter—3.3 cm; median 
height—3.81 m) than those established from 
the smaller stumps contained in the plot sam- 
ples (compare with Table 1). In subsequent 
analyses stump sprouts will refer to sprouts 
developed from the independently sampled 
stumps >10 cm diameter. 

The capacity for sprouting is a pervasive 
character of the flora of the central Appala- 


TaBLeE 1. Diameter (cm) and height (m) of seedlings 
(established since harvest), root sprouts and stump sprouts 
in clearcut watershed of Robinson Forest, southeastern 
Kentucky. Data are median and range of observations. 


Diameter 


Height 
Seedlings 1.0be (0.2-10.2) 1.53c (0.19-6.63) 
Root sprouts 0.9ac (0.1-6.3) 1.34c  (0.11-5.02) 
Stump sprouts 2.2ab (0.3-11.5) 3.llab (0.54~-8.45) 


a—This observation differs from seedlings at the P < 0.05 level of signif- 
icance. 

b—This observation differs from root sprouts at the P < 0.05 level of 
significance 

c—This observation differs from stump sprouts at the P < 0.05 level of 
significance 


chians. Of the 34 species surveyed, only Asim- 
ina triloba, Hamamelis virginiana, Ostrya vir- 
giniana, and Prunus serotina were not sampled 
with stump sprouts. Asimina triloba is perhaps 
surprising in this list since it readily spreads 
by root sprouts. Prunus serotina also sprouts 
vigorously in other portions of the Appala- 
chians (18). Growth comparisons among the 3 
regeneration classes are presented in Table 2. 
Small sample sizes of seedlings and root sprouts 
resulted in nonsignificant tests for many species. 
However, of the 30 species surveyed 14 exhib- 
ited significant growth differences among the 
three classes of regeneration. In all cases, stump 
sprouts were significantly larger than seedlings 
and, in some cases, stump sprouts were larger 
than root sprouts as well. Among the 14 species 
with significant differences, diameter of stump 
sprouts averaged 352% larger than seedlings 
while height was 299% larger. 

Within regeneration classes, there was con- 
siderable variation in growth among species 
(Table 2). Median height growth of stump 
sprouts ranged from 1.55 m for Fagus gran- 
difolia to 6.44 m for Carya cordiformis. This 
variation does not seem to be related to shade 
tolerance of the species or successional status. 
For instance, fast sprout growth occurred for 
the tolerant species, Tilia spp. and Acer sac- 
charum as well as in the midtolerant oaks such 
as Quercus prinus and Q. rubra. Stump sprouts 
of the principal successional species, Lirioden- 
dron tulipfera, exhibited intermediate growth, 
while seedlings of that species had low-height 
growth compared with other species. Of the 
species surveyed, Fagus grandifolia is the only 
one which does not require gaps in part of its 
life cycle. It exhibited very low growth both 
as a seedling and stump sprout. Root sprouts 
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TABLE 2. 


Median diameter and height growth by regeneration class of species surveyed in six year old clearcut at 


Robinson Forest, Breathitt County, Kentucky. Stump sprouts are based on samples of stumps > 10 cm diameter. Species 
are listed in order of decreasing height growth of stump sprouts. 


Diameter Height 
Root Stump Root Stump 

Seedlings sprouts sprouts Seedlings sprouts sprouts 
Carya cordiformis 5.0 6.44 
Magnolia macrophylla 2.0c 4.0 6.3a 2.48c 4.56 5.45a 
Tilia spp 2.5 43 48 3.09 4.11 5.27 
Magnolia acuminata 0.7¢ 0.4 7.5a 1.05¢ 0.24 5.13a 
Acer saccharum 0.6 0.5¢ 3.lab 0.88c¢ 0.53¢ 4.83ab 
Magnolia tripetala l.7e 4.5a 2.15c 4.72a 
Quercus prinus 2.1 3 4.3 2.68 4.10 4.68 
Quercus rubra 1.3e 0.5 4.9a 2.00 0.64 4.62a 
Acer rubrum 1.0c 1.4c¢ 3.0ab 1.47c 1.96c 4.23ab 
Quercus coccinea 3.0 4.02 
Liriodendron tulipifera 0.9¢ 0.5 4da 1.02c 0.60 3.87a 
Cercis canadensis 2.8c 8c 3.9ab 3.70 3.76 3.85 
Sassafras albidum 1.3 3.1 3.4 2.10 3.98 3.80 
Betula lenta 0.9¢ 3.5a 1.46c 3.76a 
Carpinus caroliniana 2.5 2.0 3.3 3.62 3.13 3.71 
Fraxinus americana 1.4 1.8 3.4 1.71 2.36 3.69 
Quercus velutina 5.5 3.59 
Quercus alba 2.0 3.3 2.26 3.34 
Carya glabra 0.8¢ 2.4a 0.67¢ 3.20a 
Amelanchier arborea 0.5¢ 0.5¢ 2.0ab 0.87¢ 0.73¢ 3.19ab 
Nyssa sylvatica la 0.8 2.2c 1.40c 0.95 3.1lla 
Cornus florida 2c 0.5¢ 2.6ab 1.80 0.75¢ 3.05ab 
Carya tomentosa ila 19) 2.71 2.79 
Carya ovata 1.7 3.0 1.90 2.70 
Fagus grandifolia 0.9¢ 0 1.6ab 0.80 1.85 1.55 
Asimina triloba 1.3 1.53 1.52 
Hamamelis virginiana 0.8 1.38 
Ostrya virginiana 0.5 0.61 
Prunus serotina 2.5 3.85 
Ulmus rubra 1B) 1.0 2.29 1.80 


a—This observation differs from seedlings at the P < 0.05 level of significance 
b—This observation differs from root sprouts at the P < 0.05 level of significance 
c—This observation differs from stump sprouts at the P < 0.05 level of significance. 


of F. grandifolia were intermediate in growth 
to the other species sampled. 

Sprouting capacity was estimated as the 
number of sprouts produced per cm of stump 
circumference. This eliminates the indirect in- 
fluence of stump size which should influence 
the absolute numbers of sprouts simply through 
the extent of cambial area from which sprouts 
might originate. In all species, sprouting ca- 
pacity was greatly reduced in stumps larger 
than 60 cm diameter. However, between 10 
and 60 cm, sprouting capacity was influenced 
principally by species composition. The 
sprouting capacity ranged from 0.01 to 0.26 
sprouts/cm for the 26 species for which data 
were available (Table 3). Although not signif- 
icant, a weak relationship with shade tolerance 
is suggested by the data, with a tendency to- 


wards greater sprouting capacity in more tol- 
erant species. 


DIscUSsION 


Regeneration by stump sprouts has been rec- 
ognized as an important attribute of species 
common to mature forests in the eastern United 
States (19, 20, 21). However, the emphasis in 
both the ecological and the forest management 
literature has been on development of even- 
aged stands of successional species following 
disturbance, especially forest harvest (17, 22). 
The variety of evidence from Kentucky sug- 
gests that successional processes are rapid, and 
quickly produce very similar species compo- 
sition and stand structure. This successional 
pattern is similar to the pattern of direct 
succession (23) which has been described for 
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the extreme climates of desert and tundra 
vegetation (24, 25, 26). It contrasts with succes- 
sional patterns described for other areas of the 
eastern deciduous forest (16, 27), and is de- 
pendent upon the sprouting capabilities of the 
dominant vegetation. 

The rapid succession described for Ken- 
tucky’s forests follows disturbance which does 
not significantly disrupt the physical structure 
of the below-ground ecosystem. The below- 
ground ecosystem is an important component 
of any temperate forest. Below-ground storage 
in living and dead biomass accounts for 50- 
70% of total energy reserves, and approxi- 
mately 95% of total nitrogen in temperate for- 
est ecosystems (28). The soil contains microbial 
populations capable of utilizing these energy 
reserves and thereby releasing nutrients in a 
form which is available for plant growth. Fol- 
lowing any form of disturbance, microbial ac- 
tivity is stimulated thereby increasing miner- 
alization of stored nutrients. Succession involves 
establishment of new populations of plants 
which can effectively utilize released nutrients 
and minimize nutrient losses due to erosion and 
leaching. 

Following harvest the intact below-ground 
structure of Kentucky's forests contains the 
well-established root systems of stumps re- 
maining from cut trees, as well as stored energy 
and nutrient reserves. By absorbing nutrients 
and moisture these root systems support rapid 
growth of stump sprouts. Because of their ex- 
tensive development, which may be further 
enhanced by intra- and inter-specific grafts with 
other root systems (29), the root systems of 
large stumps provide a more effective absorp- 
tion organ than those of seedlings, thereby cre- 
ating a competitive edge for stems developing 
from stumps. Fast growth of these stems con- 
tributes to rapid recovery of the original species 
composition and patterns of distribution in the 
second-growth forest. As competition pro- 
ceeds, a hierarchy of size-classes develops which 
quickly simulates the negative exponential dis- 
tribution of size-classes observed in old-growth 
forests. This hierarchy is the product of com- 
petition among sprouts both within and among 
stumps, and the competition between sprouts 
and seedlings. While larger stumps may lose 
their ability to produce sprouts, the data of this 
study indicate that this does not happen below 
a threshold of 60 cm dbh. In any mature forest, 


TABLE 3. Relative sprouting capacity of hardwood species 
surveyed on Robinson Forest, southeastern Kentucky. 
Sprouting index is the average number of sprouts produced 
per cm of stump circumference. Data is based on stumps 
<60 cm diameter 


Sprouting index 


Cercis canadensis 0.27 
Acer saccharum 0.23* 
Acer rubrum 0.22 
Fagus grandifolia 0.21 
Carpinus caroliniana 0.21* 
Magnolia tripetala 0.20 
Cornus florida 0.19 
Amelanchier arborea 0.18 
Carya glabra 0.15* 
Fraxinus americana 0.15* 
Tilia spp 0.14 
Quercus coccinea 0.12 
Quercus prinus 0.11 
Nyssa sylvatica 0.11* 
Carya tomentosa 0.10 
Quercus alba 0.09 
Oxydendrum arboreum 0.09 
Quercus rubra 0.08 
Liriodendron tulipifera 0.07 
Magnolia acuminata 0.07 
Carya cordiformis 0.05* 
Sassafras albidum 0.04 
Betula lenta 0.03 
Carya ovata 0.02* 
Magnolia macrophylla 0.02* 
Quercus velutina 0.01* 


the significant majority of trees will be below 
this size. 

A critical element in the rapid recovery of 
Kentucky’s forests following harvest is the lack 
of significant physical disruption of below- 
ground structure. This lack of physical disrup- 
tion leaves stumps and root systems intact, 
which allows sprouts to develop. Any activities 
which might disrupt below-ground structure 
may reduce this potential for rapid recovery. 
For instance, abandoned agricultural fields in 
eastern Kentucky are commonly invaded by 
pure stands of Liriodendron tulipfera (30) or 
Pinus virginiana (pers. obs.). Thus, conserva- 
tion of Kentucky's remaining forest resources 
can be best promoted by utilizing harvest 
methods which minimize disturbance of be- 
low-ground structure and promote regenera- 
tion by stump sprouting. 
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ABSTRACT 


The largest known concentration of Silphium wasiotensis is reported. This plant species was recently 
described from 3 Kentucky counties in Braun’s “ Rugged Eastern Area,” an Appalachian section with relatively 
few rare plant records. A population with at least 1,000 plants (ramets), and several smaller groups, occur 
along 4 miles (6.4 km) of KSR 1564 in the Goose Creek valley SE of Manchester, Clay County. The plants 
are on lower, mostly W- to SE-facing, slopes in the open roadbank and in adjacent, disturbed mixed mesophytic 
forest (with frequent Liriodendron and Carpinus), or in the transition to oak-hickory forest. Flowering plants 
(ca. 5-10% of total) occur mostly on the roadbanks, whereas non-flowering plants occur mostly under the 
young canopy trees (ca. 10-30 cm d.b.h.). This species appears to require forest disturbance for long-term 
survival. Almost all other species in the study area have much wider geographic ranges, and nothing else 


appears unusual about the vegetation. 


INTRODUCTION 


The Appalachian Region (Eastern Coalfield) 
of Kentucky was divided by Braun (1) into 4 
sections, from west to east: Cliff Section, Low 
Hills Belt, Rugged Eastern Area and Cumber- 
land Mountains (Fig. 1). She outlined some of 
the botanical differences, and recent work by 
the Kentucky State Nature Preserves Com- 
mission (KSNPC) has provided further details 
(2). The Rugged Eastern Area, largely under- 
lain by the Pennsylvanian Breathitt Forma- 
tion, is the largest section, but its botany is the 
least well-known. The presettlement vegeta- 
tion was mostly deciduous mixed mesophytic 
forest on moister sites, and oak-hickory or oak- 
chestnut forest on drier sites (1). Compared to 
the other sections, there is relatively little geo- 
graphic variation in the largely non-calcareous 
bedrock, and there is relatively little habitat at 
dry or wet extremes. 

The lower habitat diversity in the Rugged 
Eastern Area may explain the lower incidence 
of rare plant records. Only the following species 
considered rare in Kentucky by KSNPC (3) or 
us (unpubished) are known from this area 
(KSNPC database and our records): Aster pu- 
niceus (1 recorded locality), Astragalus can- 
adensis (1 loc.), a new species of Botrychium 
(to be described by W. H. Wagner Jr., pers. 
comm. to M.E.M.), Erythronium rostratum (1 
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loc.), Hydrophyllum virginianum (2 locs.), 
Lathyrus venosus (2 locs.), Panax trifolius (1 
loc.), Ranunculus allegheniensis (3 locs.), Syn- 
andra hispidula (5 locs.), Thalictrum cori- 
aceum (1 loc.) and Thermopsis mollis (1 loc.). 
Also notable, though restricted to the Jellico 
Mountains, are the several records of Cladras- 
tis kentukea and Porteranthus trifoliatus, and, 
on bottomland, Aster radula (1 loc.) and Lobe- 
lia nuttallii (1 loc.). These 15 species mostly 
have Appalachian or northern ranges. (Though 
threatened by harvesting, Hydrastis canaden- 
sis and Panax quinquefolius are not considered 
here, since their records are much more ex- 
tensive. ) 

In contrast, over 100 species of similar rarity 
have been recorded in ongoing studies of the 
Low Hills Belt and, especially, the Cliff Section 
(4, 5). These 2 sections cover about as much 
land as the Rugged Eastern Area. They have 
had more botanical exploration, but this bias 
is unlikely to be the major explanation of the 
large difference in rare species. In our expe- 
rience, it is much harder to find rare species 
during a typical day’s search in the Rugged 
Eastern Area. 

The existence of a species—Silphium wasio- 
tensis (a rosinweed)—that is known only from 
the center of the Rugged Eastern Area is there- 
fore of great interest, posing special questions 
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Fic. 1. Location of Silphium wasiotensis in Kentucky 


(inset) and the study area. On the inset map of Kentucky, 
the solid square is the study area (in Clay Co.); the two 
other counties known to have S. wasiotensis (Perry Co 
and Pike Co.) are shown by + signs. Braun’s (1950) di- 
visions of the Appalachian Region are shown approxi- 
mately by the dashed lines: A = Cliff Section; B = Low 
Hills Belt; C = Rugged Eastern Area; D = Cumberland 
Mountains. On the main study area map (from Ogle and 
Creekside USGS Quadrangle Maps), solid lines are streams 
(blue lines on Quads.); dashed lines are public roads (all 
searched by authors); dotted lines are routes walked by 
the authors. Locations of S. wasiotensis plants are shown 
by solid dots, each representing 1-10 plants, and by the 
larger solid area, where over 1,000 plants were found 
Locations of Ranunculus allegheniensis populations are 
shown by ’s 


for biogeography, ecology, and conservation. 
This species was recently described (6), though 
Braun had previously collected it and reported 
it as S. incisum (7), then S. brachiatum (8). 
Currently, it is known from only 15-20 sites, 
in Clay, Perry and Pike Counties, Kentucky. 
In September 1988 and May 1989, we discov- 
ered a large number of plants during a 6 man- 
day survey for rare plants in and near some 
U.S. Forest Service tracts in Clay County. In 
this paper, we describe the population and its 
environment, with notes on the vegetation and 
flora. Also, we briefly discuss natural ecological 
factors and human disturbances that may in- 
fluence this species. 

Nomenclature follows Fernald (9) with a 
few exceptions (see Appendix). Collections of 


Silphium wasiotensis and many other species 
of interest have been deposited at the Univer- 
sity of Kentucky Herbarium. 


THE STuDY AREA AND ITS VEGETATION 


The study area encloses approximately 10 
sq. miles (25 km?) between Mud Lick Fork 
and Ashers Fork of Goose Creek, 9-13 miles 
(15-20 km) SE of Manchester (Fig. 1). There 
is little flat ground, except on the narrow flood- 
plains of major creeks, at 900-1,000 ft (275- 
300 m) a.s.l. The steepest slopes (30-40°) most- 
ly occur at lower levels. Ridgelines, occasion- 
ally with small cliffs and ledges, are mostly at 
1,500-1,700 ft (460-520 m) a.s.l. The under- 
lying Breathitt Formation consists of sand- 
stone, siltstone, shale, coal and a small amount 
of limestome (U.S.G.S. 7.5’ Quadrangle Maps). 

From modern soil surveys in this region (10, 
11), colluvial soil series, mostly on lower slopes, 
are Jefferson (=Tate) loam or sandy loam on 
sandstone, Shelocta silt loam on mixed rock 
types, and Muse silt loam on shale. Corre- 
sponding residual soil series, mostly on upper 
slopes and ridges, are Dekalb sandy loam (also 
Steinsburg fine sandy loam and Lily sandy clay 
loam), Gilpin silt loam (and Wernock silty clay 
loam), and Latham silt loam. These soils are 
hapludults, except for the sandy residual soils, 
which are dystrochrepts. Typical pH is 4.5-5, 
or 5-5.5 in the relatively fertile Shelocta and 
Muse. Cutshin channery loam is an especially 
fertile soil similar to Shelocta, but mostly on 
NE-facing concave slopes; it is a haplumbrept 
with A horizon pH 5.5-7 and B horizon pH 
5-6. Bottomland soils are largely agricultural, 
and not significant in this study. 

The first quantitative timber survey in Ken- 
tucky (12) indicated that, in about 1900, the 
major components in Clay County were 37% 
white oak (mostly Quercus alba), 27% chestnut 
oak (Q. montana), 9% chestnut (Castanea), 
7% black (or red) oaks (Q. rubra, Q. velutina, 
Q. coccinea), and 7% beech (Fagus). Much of 
the Fagus and other mesophytic species may 
have been cut by then. Currently, most forest 
in the study area is no more than 50-75 years 
old, though a few stands are up to 100-150 
years old. 

The oak forests are dominated by Quercus 
alba, Q. velutina, Q. montana and Q. cocci- 
nea, with frequent Carya glabra, C. tomen- 
tosa, Acer rubrum, Nyssa sylvatica and Cor- 
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nus florida. The ground vegetation is thin, 
except on drier sites, where Kalmia latifolia, 
Vaccinium vacillans, Carex spp. (section Mon- 
tanae) and Danthonia spicata are frequent. 
The forests on moister sites are generally more 
disturbed, with young Liriodendron tulipfera 
dominant instead of Fagus; Acer saccharum 
is also abundant, especially in the understory. 
Other frequent species include Fraxinus amer- 
icana, Tilia heterophylla, Aesculus octandra, 
Q. rubra, Magnolia acuminata, M. tripetala 
and, in thickets, Cercis and Carpinus. Tsuga 
is largely restricted to steeper convex slopes. 
Streamside forests contain much Platanus and 
Betula nigra. Herbaceous cover on the forest 
floor increases greatly from dry slopes to moist 
slopes to streamsides. 

The native flora of the study area that was 
documented during this survey (see Appendix) 
is typical for the Rugged Eastern Area. Apart 
from Silphium wasiotensis, only 2 other species, 
both Appalachian, are notably rare or geo- 
graphically restricted in Kentucky. These are 
Ranunculus allegheniensis, which was found 
at 3 sites in young forest on moist lower slopes, 
and Lysimachia tonsa, found in drier forest 
on one ridge. 


THE SILPHIUM WASIOTENSIS SITES 


Figure 1 indicates all sites where Silphium 
wasiotensis was found, together with the routes 
that were searched. Except for a few plants in 
the Mud Lick (Left Fork) valley, this species 
was found only at scattered sites along a 4-mile 
(6.4 km) section of KSR 1524, between the 
communities of Brightshade (on Goose Creek) 
and Ashers Fork (on Ashers Fork of Goose 
Creek). All plants were found at about 1,000- 
1,300 ft (300-400 m) a.s.1., from the roadside 
up into the lower slope forests. The soils were 
all colluvial and mostly of the Shelocta series. 

Exact population counts were attempted at 
most sites, except in the largest population, 
where densities were visually estimated. 
“Plants” refer to individual ramets, often con- 
nected by rhizomes. In the largest population, 
at least 1,000 plants were seen in an area 2,000 
ft (600 m) along the contour, and 300-500 ft 
(100-150 m) wide from the road up the 20- 
40° slope. The greatest densities—1-3 per 10 
ft? (1 m?)—occurred within 50-100 ft (15-30 
m) of the road. Seven smaller populations, 
mostly with 10-100 plants, were found along 


the road, and 5 groups of 1-10 plants were 
found in tributary valleys. The sites with over 
10 plants were all on W-, SW-, S- or SE-facing 
slopes. Only 5-10% of the plants were flow- 
ering, and these were mostly on the roadbank, 
within 6 ft (2 m) of the forest edge. Those few 
flowering in the forest were within 100 ft (30 
m) of the edge. 

The plants occurred in, or at the edge of, 
disturbed mixed mesophytic forest, or a tran- 
sition to oak-hickory forest. Canopy trees were 
mostly 4-12 inches (10-30 cm) d.b.h. Frequent 
canopy species included Liriodendron (gen- 
erally dominant), Liquidambar, Fraxinus 
americana, Acer saccharum, A. rubrum, Car- 
ya tomentosa, Quercus alba and other Quer- 
cus spp. Frequent understory species included 
Carpinus (often dominant), Ostrya, Cornus 
florida, Cercis and Lindera. The herbaceous 
leafy cover was estimated visually at 10-30%. 
Based on lists from all sites, the most frequent 
associates of Silphium wasiotensis included 
Polystichum acrostichoides, Hexastylis ari- 
folia, Rhus radicans, Rubus spp., Euonymus 
americanus, Oxalis violacea, Pycnanthemum 
pycnanthemoides, Galium spp., Bignonia ca- 
preolata, Parthenocissus quinquefolia, Ver- 
besina occidentalis, Aster spp., Solidago spp., 
Carex spp. (especially C. digitalis), Poa spp. 
(native), Sphenopholis nitida and Panicum spp. 
These species mostly have widespread eastern 
North American ranges. On some open road- 
banks, the exotic Festuca arundinacea was 
abundant, with other typical farmland species. 
Otherwise, exotic species were a negligible part 
of the vegetation. 

Disturbance history has not been docu- 
mented, but some observations are indicative. 
On the roadbank, mowing had probably been 
infrequent since tall herbs were frequent, with 
no sign of damage. In the forest, most canopy 
trees were only about 10-40 years old. At the 
largest population, near the road and a small 
adjacent garbage dump, the brushy nature of 
the forest on the rather dry, W- to SE-facing 
slopes suggested that fire had occurred in the 
past 5-10 years. In 1988/1989, there was a 
roadside fire 0.4 miles E of this site. The density 
of S. wasiotensis tapered off sharply about 200- 
300 ft (60-90 m) up slopes above the road, 
near the lower edge of more mature forest on 
steeper ground. That forest was dominated by 
Fagus and Quercus alba, mostly 16-20 inches 
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(40-50 cm) d.b.h., and had frequent Podo- 
phyllum peltatum and Cimicifuga racemosa 
on the ground. 


DISCUSSION 


The population of Silphium wasiotensis 
along KSR 1564, containing at least 1,000 plants 
(ramets), is the largest currently known for this 
species (Medley, unpublished). Only one other 
population, in Pike County, is known to have 
more than 100. Although some populations oc- 
cur in moderately mature forest, with closed 
canopy, most are in recently disturbed forest 
or at edges (6), as found in this study area. The 
apparent dependence of this species on dis- 
turbance, together with its endemism to the 
central Appalachian Plateaus, is an enigmatic 
pattern, since this region has been considered 
one of the least disturbed and least stressed 
regions of the Eastern Deciduous Forest during 
recent geological history (1). 

We hypothesize that, before settlement 150- 
200 years ago, Silphium wasiotensis was de- 
pendent on natural disturbances such as fires 
and large windthrows (6). Today, S. wasioten- 
sis appears to be one of the many native her- 
baceous species that temporarily increase in 
young forest regrowth after fire or logging. 
Such vegetation generally has few exotic species 
typical of roadsides and farmland (see Appen- 
dix). Lightning fires would have been most 
likely on the driest sites, but S. wasiotensis is 
concentrated today on relatively moist lower 
slopes, and no ridge sites are known (Medley, 
unpublished). Possibly, large herbivores and, 
in the post-glacial era, humans maintained rel- 
atively open, fire-prone areas on lower slopes 
and bottoms, where the vegetation was most 
productive. This situation may have been sim- 
ilar to the case of Trifolium stoloniferum 
(Running Buffalo Clover), a rare mesophytic 
species that was formerly more widespread in 
disturbed woods of the Ohio Valley (13). It is 
also possible that the modern habitat distri- 
bution of S. wasiotensis is considerably differ- 
ent from its presettlement distribution. Until 
historical studies of disturbance regimes in this 
region of Kentucky are attempted, we will learn 
little more about the species’ ecological niche. 

This study has shown that large populations 
of Silphium wasiotensis may still be discov- 
ered in the region. However, the general fail- 
ure of continuing searches by both authors in 


the Rugged Eastern Area suggests that this 
species is truly rare, and deserves study by the 
U.S. Fish and Wildlife Service for possible En- 
dangered or Threatened status. The effects of 
further human disturbance need some atten- 
tion. The species may be largely maintained 
by roads, logging and artificially set fires. More 
drastic disturbance such as strip-mining would 
clearly reduce it in the short-term, but, in this 
particular study area, the coal is located at 
about 1,500-1,600 ft (450-500 m), above the 
zone with S. wasiotensis. Further studies will 
be required to determine if threats are also 
minimal elsewhere in its range. 
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APPENDIX: FLORA OF THE STUDY AREA 
Nomenclature generally follows Fernald (9), except for some necessary changes (14) where synonyms are shown 
in parentheses. At the left margin, E indicates exotic species. The numbers 1-3 indicate the ca. 190 species found 
within 3 ft (1 m) of Silphium wasiotensis plants: 1 = present; 2 = frequent; 3 = local dominant. In total, ca. 400 
species are listed for the study area, which mostly consists of forested uplands. Species of bottomland and strip-mines, 
which are mostly non-forested habitats, are less thoroughly represented. 
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Acer negundo 

Acer rubrum var. rubrum 
Acer saccharinum 

Acer saccharinum * rubrum 
Acer saccharum ssp. s. 
Actaea pachypoda (“alba’’) 
Adiantum pedatum ssp. p. 
Aesculus flava (octandra) 
Agrimonia pubescens 
Agrimonia rostellata 
Agrostis perennans 
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Ascelpias quadrifolia 

Asclepias syriaca 

Ascyrum hypericoides 
ssp. multicaule 

Asimina triloba 

Asplenium rhizophyllum 

Asplenium platyneuron 

Aster cordifolius 

Aster divaricatus 

Aster dumosus 

Aster infirmus 
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Carex blanda 
Carex cephalophora var. c. 


Carex complanata var. hirsuta 


(C. hirsutella) 
Carex digitalis 
Carex emmonsii 
Carex gracilescens 
Carex laxiflora var. 1. 
Carex pensylvanica var. p. 
Carex plantaginea 
Carex platyphylla 


E_ Albizzia julibrissin Aster novae-angliae Carex prasina 
2 Ambrosia artemisiifolia 1 Aster patens var. patens. 1 Carex purpurifera 
Ambrosia trifida 1 Aster pilosus var. p. 1 Carex rosea var. r. 
1 Amelanchier arborea 1 Aster prenanthoides Carex virescens 
1 Amphicarpaea bracteata Aster undulatus 3 Carpinus caroliniana 
Andropogon virginicus Athyrium thelypteroides 1 Carya cordiformis 
1 Anemone virginiana Aureolaria laevigata 1 Carya glabra var. g. 
Antennaria plantaginifolia Betula lenta Carya glabra = ovata 
var, arnoglossa Betula nigra Carya laciniosa 
Antennaria plantaginifolia 1 Bidens frondosa 1 Carya ovata 
var. p. Bidens polylepis 1 Carya tomentosa 
Aplectrum hyemale 1 Bignonia capreolata Cassia marilandica 
Apocynum cannabinum Boehmeria cylindrica 1 Cassia nictitans ssp. n. 
1 Arabis canadensis Botrychium dissectum Castanea dentata 
Arabis laevigata var. I. 1 Botrychium virginianum Caulophyllum thalictroides 
Aralia racemosa ssp. r. Brachyelytrum erectum Celastrus scandens 
E Arctium minus Bromus altissimus (“purgans’’) Cerastium glomeratum 
1 Arisaema triphyllum 1 Cacalia atriplicifolia (“viscosum”) 


(atrorubens) 
Aristolochia serpentaria 
Arunucs dioicus 
Asarum canadense 


Campanula americana 
Campanula divvaricata 
Cardamine pensylvanica 
Carex amphibola var. a. 


Cerastium nutans 
Cercis canadensis 
Chelone glabra 
Chenopodium album 
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APPENDIX: FLORA OF THE STUDY AREA 


Continued. 


Chimaphila maculata 
Cimicifuga racemosa 
Cinna arundinacea 
Clematis virginiana 
Collinsonia canadensis 
Conopholis americana 
Convolvulus sepium 
Coreopsis major 
Cornus florida 
Corylus americana 
Crataegus sp. (Pruinosae?) 
Cunila origanoides 
Cynoglossum virginianum 
Cytopteris protrusa 
(fragilis var. p.) 
Danthonia spicata 
Dasystoma macrophylla 
Daucus carota 
Dentaria diphylla 
Dentaria heterophylla 
Desmodium cuspidatum 
var. longifolium 
Desmodium glabellum 
(not humifusum) 
Desmodium glutinosum 
Desmodium laevigatum 
Desmodium nudiflorum 
Desmodium paniculatum 
Desmodium perplexum 
Desmodium rotundifolium 
Diarrhena americana var. a. 
Digitaria sanguinalis 
Dioscorea quaternata 
Diospyros virginiana 
Disporum lanuginosum 
Dryopteris goldiana 
Dryopteris marginalis 
Elephantopus carolinianus 
Elymus riparius 
Epifagus virginiana 
Epigaea repens 
Erechtites hieracifolia 
Erigeron annuus 
Erigeron canadensis 
Erigeron philadelphicus 
Erigeron pulchellus 
Erythronium americanum 
Eulalia viminea 
Euonymus americanus 
Euonymus atropurpureus 
Eupatorium coelestinum 
Eupatorium fistulosum 
Eupatorium purpureum 
Eupatorium rugosum 
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Eupatorium serotinum 
Euphorbia nutans (preslii) 
Fagus grandifolia 
Festuca arundinacea 
Festuca obtusa 
Fraxinus americana var. a. 
+ var. biltmoreana 
Galium aparine 
Galium circaezans 
Galium lanceolatum 
Galium pilosum 
Galium triflorum 
Galtheria procumbens 
Gaylussacia baccata 
Gentiana villosa 
Geranium maculatum 
Geum canadense 
Gnaphalium obtusifolium 
Goodyera pubescens 
Hamamelis virginiana 
Hedeoma pulegioides 
Helianthus divaricatus 
Helianthus microcephalus 
Helianthus tuberosus 
Hepatica acutiloba 
Heuchera americana 
Heuchera longiflora 
Heuchera villosa var. v. 
Hexastylis arifolia var. ruthii 
Hieracium gronovii 
Hieracium venosum 
Houstonia tenuifolia 
Hybanthus concolor 
Hydrangea arborescens 
Hydrophyllum macrophyllum 
Hypericum punctatum 
Hypoxis hirsuta 
Impatiens capensis (biflora) 
Impatiens pallida 
Ipomaea pandurata 
Tpomaea purpurea 
Tris cristata 
Juglans cinerea 
Juglans nigra 
Juncus acuminatus 
Juncus tenuis 
Juniperus virginiana 
Justicia americana 
Kalmia latifolia 
Krigia biflora 
Lactuca candensis 
Lactuca floridana 
Lactuca serriola (‘“‘scariola’’) 
Laportea canadensis 
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Leersia virginica 
Lespedeza cuneata 
Lespedeza hirta ssp. h. 
Lespedeza intermedia 
Lespedeza procumbens 
Lespedeza repens 
Lespedeza striata 
Lespedeza violacea 
Lindera benzoin var. b. 
+ var. pubescens 
Liparis liliifolia 
Liquidambar styraciflua 
Liriodendron tulipifera 
Lobelia inflata 
Lobelia puberula var. simulans 
Lobelia siphilitica 
Lonicera japonica 
Ludwigia alternifolia 
Luzula acuminata 
var. carolinae 
Lyopodium digitatum 
(“flabelliforme”’) 
Lysimachia quadrifolia 
Lysimachia tonsa 
Magnolia acuminata 
Magnolia macrophylla 
Magnolia tripetala 
Meehania cordata 
Mitchella repens 
Monarda clinopodia 
Monarda fistulosa 
Morus rubra 
Muhlenbergia sylvatica 
Muhlenbergia tenuifolia 
Myosotis macrosperma 
Nyssa sylvatica 
Obolaria virginica 
Osmorhiza claytoni 
Ostrya virginiana 
Oxalis dillenii (“stricta”) 
Oxalis grandis 
Oxalis violacea 
Oxydendron arboreum 
Panax quinquefolius 
Panicum acuminatum 
(lanuginosum) var. fascicula- 
tum 
Panicum boscii var. b. 
Panicum commutatum 
var. ashei 
Panicum commutatum 
var. ¢. 
Panicum dichotomiflorum 
Panicum dichotomum 
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Continued. 


Paronychia canadensis 
Parthenocissus quinque- 
folia 
Pedicularis canadensis 
Penstemon canescens 
Penthorum sedoides 
Phacelia bipinnatifida 
Phlox divaricata ssp. d. 
Phryma leptostachya 
Phytolacca americana 
Pilea pumila 
Pinus echinata 
Pinus strobus [escaped] 
Pinus taeda [planted] 
Pinus virginiana 
Plantago rugelii 
Poa autumnalis 
Poa cuspidata 
Poa sylvestris 
Podophyllum peltatum 
Polygala senega var. latifolia 
Polygonatum biflorum var. b. 
+ var. commutatum 
Polygonatum pubescens 
Polygonum cespitosum 
var. longisetum 
Polygonum convolvulus? 
Polygonum cuspidatum 
Polygonum hydropiperoides 
Polygonum sagittatum 
Polygonum scandens 
var. cristatum? 
Polygonum virginianum 
Polymnia uvedalia 
Polypodium virgininum 
Polystichum acrostichoides 
Potentilla simplex var. s. 
Prenanthes altissima 
Prenanthes serpentaria 
Prunella vulgaris 
ssp. lanceolata 
Prunus americana 
Prunus serotina 
Pueraria lobata 
Pycnanthemum pycnanthe- 
moides 
Pyrularia pubera 
Quercus alba 
Quercus coccinea 
Quercus falcata 
Quercus montana (prinus) 
Quercus rubra 
Quercus stellata 
Quercus velutina 
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Ranunculus allegheniensis 

Ranunculus hispidus 

Rhamnus caroliniana 

Rhododendron calendulaceum 

Rhododendron periclymenoides 
(nudiflorum) 

Rhus copallina var. latifolia 

Rhus glabra 

Rhus radicans ssp. r. 

Robinia pseudoacacia 
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E Rosa multiflora 


Rubus allegheniensis var. a. 
Rubus argutus 
Rubus flagellaris 
Rubus occidentalis 
Rudbeckia fulgida var. f. 

+ var, umbrosa 
Rudbeckia laciniata 
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E — Rumex acetosella ssp. a. 
E — Rumex obtusifolius ssp. o. 


Sabatia angularis 
Salix nigra 
Salix sericea 
Salvia lyrata 
Sambucus canadensis var. c. 
Sanguinaria canadensis 
Sanicula canadensis 
Sanicula smallii 
Sassafras albidum 
Scirpus cyperinus 
Scutellaria elliptica 

var. hirsuta 
Sedum ternatum 
Senecio obovatus 
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E__ Silene antirrhina 


Silene rotundifolia 
Silene stellata 
Silphium wasiotensis 
Sisyrinchium angustifolium 
Smilacina racemosa 
Smilax ecirrhata 

(var, hugeri?) 
Smilax glauca 
Smilax herbacea 

var. lasioneuron 
Smilax hispida 
Smilax rotundifolia 
Solidago altissima 
Solidago arguta var. a. 
Solidago bicolor 
Solidago caesia 
Solidago erecta 
Solidago flaccidifolia? 
2 Solidago flexicaulis 
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Solidago gigantea var. g. 
Solidago graminifolia 
var. nuttallii 
Solidago nemoralis 
Solidago rugosa 
Solidago sphacelata 
Solidago ulmifolia 
Sphenopholis nitida 
Stachys nuttallii (riddellii) 
Stellaria pubera var. p. 
Stellaria pubera 
var, silvatica (S. corei) 
Symphoricarpos orbiculatus 
Thalictrum thalictroides 
(Anemonella t.) 
Thaspium barbinode var. b. 
Thaspium trifoliatum 
var, flavum 
Thelypteris hexagonoptera 
(Phegopteris h.) 
Tiarella cordifolia 
Tilia spp. 
Trichostema dichotoma 
Tridens flavus (Triodia f.) 
Trifolium pratense 
Trifolium repens 
Trillium grandiflorum 
Tsuga canadensis 
Tussilago farfara 
Typha angustifolia? 
Typha latifolia 
Ulmus americana 
Ulmus rubra 
Uvularia grandiflora 
Uvularia perfoliata 
Vaccinium corymbosum 
(sensu lato) 
Vaccinium pallidum (vacillans) 
Vaccinium stamineum var. Ss. 
Valerianella radiata 
Verbascum thapsus 
Verbena urticifolia 
Verbesina alternifolia 
Verbesina occidentalis 
Vernonia gigantea ssp. g. 
(altissima) 
Veronica arvensis 
Veronica officinalis 
Viburnum acerifolium 
Vicia caroliniana 
Viola affinis (latiuscula) 
Viola blanda 
Viola canadensis 
Viola obliqua (cucullata) 
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Viola palmata var. dilatata 
(V. “palmata’’) 
1 Viola palmata var. p. 
(V. triloba) 


1 Viola pubescens var 
eriocarpa (pensylvanica) 

1 Viola rostrata 

1 Viola sororia 


Vitis aestivalis 
1 Vitis vulpina 
Zizia aptera 


Trans. Ky. Acad. Sci., 51(1-2), 1990, 51-56 


Status of Potential Point Sources of 
Histoplasmosis in Kentucky 


Bryan D. PRICE 


Kentucky State University, Community Research Service, 
Frankfort, Kentucky 40601 


ABSTRACT 


Histoplasmosis is a common pulmonary disease which infects humans via inhalation of airborne spores. 
The causative agent of this disease, Histoplasma capsulatum, is endemic to Kentucky and other states in 
the Ohio Valley and southeastern United States. From September 1985 to March 1988 a survey was conducted 
of known bird-roost sites in the state of Kentucky as well as other areas with the potential of harboring H. 
capsulatum. Soil and/or bird guano samples were collected at 54 sites in 28 counties and analyzed by the 
modified mineral oil flotation method. Eight sites (14.8%) were found to be positive for presence of the 
fungus, including 2 where documented cases of histoplasmosis had occurred nearby. 


INTRODUCTION 


Histoplasmosis is a common and occasion- 
ally serious respiratory disease endemic to 
Kentucky and other areas in the Ohio Valley 
and southeastern United States (1, 2). Once 
regarded as a rare and fatal illness, it is now 
recognized as widespread in occurrence and 
quite variable in manifestation. This pulmo- 
nary mycosis may affect humans in degrees 
ranging from an asymptomatic and self-re- 
solving infection to a chronic systemic infec- 
tion involving many bodily organs and perhaps 
death. While most individuals contract acute 
pulmonary histoplasmosis and recover in time 
without treatment, some persons, especially the 
immunocompromised, may develop chronic 
cavitary or even severe disseminated histo- 
plasmosis (3, 4, 5). Chronic cavitary histoplas- 
mosis may affect a person for months or years, 
and disseminated histoplasmosis if left untreat- 
ed, may rapidly progress to death (4, 5, 6, 7). 
Additionally, histoplasmosis has been impli- 
cated in some cases of ocular disease and po- 
tential blindness (8, 9). 

The causative agent of the mycosis, Histo- 
plasma capsulatum, is a dimorphic fungus, 
existing in mold form in the soil or when in- 
cubated on appropriate media at 25°C, and as 
a yeast when present in host tissues or incu- 
bated at 37°C (6, 10). Humans acquire the 
infection through inhalation of the conidia 
(spores) of the mold form. The fungus is found 
in both urban and rural settings and is highly 
associated with bird roosts, chicken coops and 
other avian habitats as well as caves which 


ol 


harbor bats (11, 12, 13, 14). It is a common 
misconception that blackbirds and starlings, 
among other birds, actually carry and spread 
the fungus; however, the body temperature of 
the birds precludes infection by H. capsulatum 
(15). Bird guano, and perhaps even molted 
feathers, simply enrich the soil and help trans- 
form it into a more suitable growth medium 
for the organism (14). Bats, on the other hand, 
as mammals, may be able to shed the fungus 
in their feces. Spelunkers and others who enter 
caves may run the risk of contracting “cave- 
fever” which in reality is histoplasmosis (16). 

Direct correlation between bird roost sites 
and cases of histoplasmosis has been demon- 
strated and disturbance of a site, whether ur- 
ban or rural, magnifies the health risk (1). In 
many cases a bird-roost site in close proximity 
to residential areas might be bulldozed, placing 
both construction workers and persons living 
nearby at risk. In this same study (1), positive 
reactor rates to histoplasmin skin testing were 
approximately 50% for persons living in areas 
of Kentucky near known sites containing His- 
toplasma. It was also noted that chest x-rays 
of positive reactors almost invariably demon- 
strated pulmonary calcifications, thus confirm- 
ing the public health importance of this disease 
(1). In another study, histoplasmin reactor rates 
showed previous exposure to Histoplasma in 
as many as 95% of persons tested who were 
lifetime residents of the central Kentucky area 
(17). 

During the period from September 1985 to 
March 1988 our laboratory tested a number of 
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known bird roost sites, as well as other areas 
in Kentucky with a health risk potential, for 
the presence of the fungus. These sites were 
identified with the help of various county health 
department environmentalists as well as per- 
sonnel from the U.S.D.A. and Kentucky De- 
partment of Agriculture. This survey was con- 
ducted to update the status of some known 
roosts and to determine the status of more re- 
cently established roosts and other possible point 
sources of histoplasmosis. 


MATERIALS AND METHODS 


Soil and/or guano samples were collected 
using a clean, sterile spatula (Bel-Art®) and 
placed into Whirl-Pak® specimen bags. Only 
the top 2-5 cm of substrate were sampled be- 
cause the greatest concentration of fungal 
growth is near the surface (18). All samples 
were collected when the soil was moist to min- 
imize the production of aerosolized spores. The 
number of samples taken at a given site was 
based on the size of the roost and the amount 
or distribution of droppings. The sampling pro- 
tocol was modified from that of the Centers 
for Disease Control (18). Each sample consist- 
ed of a combination of 4 or 5 smaller samples 
taken from a 1.2 m radius around the center 
of a sample point. 

Isolation of H. capsulatum was accom- 
plished in the laboratory using the modified 
mineral oil flotation method of Smith (19), with 
some variation as follows. Approximately 25 g 
of each sample was placed in a 250 ml flask 
containing 100 ml of sterile physiologic saline. 
Antibiotics were added to the suspension in the 
form of penicillin (20 units/ml) and strepto- 
mycin (40 mceg/ml), to reduce the contami- 
nation by normal soil microflora. Each mixture 
was then shaken thoroughly by hand and 
strained through two layers of cheese cloth to 
remove any remaining clumps of soil. Imme- 
diately after straining the suspension into a 
clean, sterile 250 ml flask, 10 ml of mineral oil 
(liquid petrolatum NF light) was added to the 
flask. The resulting mixture was then placed 
on a reciprocating shaker for a period of 15 
minutes. At the end of this period additional 
sterile saline was added to the neck of each 
flask and allowed to stand undisturbed for 20 
minutes. Five milliliters of the resulting oil 
layer was removed with a 21 ga needle at- 
tached to a 3 ml syringe, and 0.5 ml was in- 


jected intraperitoneally into each of two male 
Swiss mice (ICR; Harlan Sprague & Dawley). 
Any mice which expired during the first week 
post-injection were not cultured for the fungus 
as death was likely due to a generalized in- 
flammatory response from the injection or in- 
fection caused by soil microbes resistant to the 
antibiotic treatment. Mice expiring within the 
first week were replaced with mice inoculated 
with doses decreasing in amount by intervals 
of 50% until premature death no longer oc- 
curred. The experimental mice were fed ad 
libitum with Purina Laboratory Rodent Chow®, 
and given fresh tap water daily. Mice were 
housed in polycarbonate cages placed in a For- 
ma Scientific Model 600 Small Animal Isolator 
Unit under normal laboratory conditions, with 
no special lighting or other environmental con- 
ditions. 

At the end of the 30 day incubation period 
all mice were euthanized by cervical disloca- 
tion, and liver and spleen removed. These or- 
gans were then homogenized in a sterile mor- 
tar and diluted in 20 ml of sterile saline. Of 
that amount, 0.5 ml was plated in duplicate 
on the following media: (1) yeast-extract phos- 
phate media (18), (2) Modified Sabourad Dex- 
trose Agar (Difco), and (3) Brain Heart Infu- 
sion Agar (Difco) supplemented with 10% 
defibrinated sheep blood, for a total of 6 plates 
per mouse. Additionally, 4 antibiotics, peni- 
cillin, streptomycin, chloramphenicol and cy- 
cloheximide, were added to the media to sup- 
press growth of normal flora. Antibiotics were 
added in the following concentrations: Yeast 
extract and Modified Sabourad Dextrose Agar 
contained penicillin G (200 units/ml), strep- 
tomycin (200 meg/ml), chloramphenicol (50 
meg/ml), and cycloheximide (800 mcg/ml; 
Brain Heart Infusion Agar contained penicillin 
G (200 units/ml), and streptomycin (200 meg/ 
ml). All antibiotics were obtained from U.S. 
Biochemicals, Cleveland, OH. The antibiotics 
were filter sterilized and added to the media 
just prior to plating. Yeast extract and Sa- 
bourad plates were incubated at 25°C and BHI 
at 37°C in 10% CO, for a period of 30 days. 
BHI Agar plates were used to isolate the or- 
ganism in yeast phase, with chloramphenicol 
and cycloheximide omitted since the yeast form 
of H. capsulatum is sensitive to cycloheximide. 
Identification of suspicious growth was made 
by morphological examination of lactophenol 
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+ = Counties sampled with positive roost status 


- = Counties sampled with negative roost status 


Fic. 1. 


cotton blue mounts, and confirmed by con- 
version of the mold form to the yeast form by 
placing a portion of mold on petri dishes con- 
taining BHI with 10% defibrinated sheep blood 
and incubating at 37°C until conversion oc- 
curred. A positive sample was defined as one 
which had at least 1 positive mouse, and a 
positive site was one which had at least 1 pos- 
itive sample. 


RESULTS AND DISCUSSION 


A total of 54 sites were sampled in 28 Ken- 
tucky counties (Fig. 1). Of these sites 8 (14.8%) 
were positive for the presence of H. capsula- 
tum. Overall, 410 samples were processed with 
36 (8.8%) positive results. Of all the samples 
obtained at positive sites 36 of 68, or 52.9%, 
revealed the presence of the fungus (Table 1). 
The majority of sites tested were in central and 
western Kentucky, which were the regions re- 
ported to have the highest histoplasmin skin 
test reactor rates (20). Sites tested varied in 


Kentucky counties sampled for the presence of Histoplasma capsulatum, 1985-1988 


origin, and were comprised of blackbird /star- 
ling roosts, pigeon roosts, chicken coops, bats 
in a belfry, attics and soil beneath bridges. 
Environmental conditions and the appear- 
ance of each site were documented at the time 
of the sampling in an attempt to elucidate any 
trends regarding the presence of accumulated 
guano and the type of vegetation of the site 
versus the H. capsulatum status of that site. It 
has been well documented that a typical pos- 
itive site is one which has had an accumulation 
of droppings over a period of at least 3 years 
(1), but the age of most of these sites was un- 
determinable. Of all sites which were positive, 
5 out of 8 consisted of cedar roosts, a popular 
roosting ground during colder weather due to 
their evergreen nature. Also, all of the positive 
sites had a visible accumulation of guano, rang- 
ing from less than 1.3 cm at Richmond to in 
excess of 12.7 cm at Horse Cave (Table 2). 
There were also a number of sites which had 
both visible guano and cedar trees which were 
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TaBLE |. Sites sampled in Kentucky for the presence of Histoplasma capsulatum, 1985-1988. 


No. of 
positive 


samples samples 


No. of 
Site location County Date 
Cynthiana (near high school) Harrison 9/85 2 
LaGrange (Borowick) Oldham 10/85 6 
Bowling Green (house) Warren 10/85 6 
Bowling Green (Campbell Ln.) Warren 11/85 6 
Ft. Campbell Christian 12/85 8 
Louisville (Cedar Lake Park) Jefferson 1/86 16 
Crestwood Oldham 2/86 6 
Bowling Green (Shive Ln.) Warren 2/86 6 
Stanton (Halls Rd.) Powell 3/86 6 
Horse Cave (New St. N) Hart 3/86 6 
Horse Cave (New St. S) Hart 3/86 6 
New Castle Henry 4/86 6 
Stanton (Mt. Pkwy/westbound) Powell 4/86 7 
Stanton (Mt. Pkwy/eastbound) Powell 4/86 8 
Lexington (Clays Mill Rd.) Fayette 5/86 6 
Somerset (U.S. 27) Pulaski 5/86 8 
Somerset (Linwood Dr.) Pulaski 6/86 i 
London (Hwy 1006) Laurel 7/86 6 
Munfordville (Hwy 88) Hart 7/86 6 
Russellville Logan 7/86 6 
Nicholasville Jessamine 7/86 6 
Louisville (Hubbards Ln.) Jefferson 8/86 6 
Big Clifty (Hwy 720) Grayson 8/86 6 
Elizabethtown (Milling Co.) Hardin 8/86 6 
Big Clifty (Hwy 720, Site 2) Grayson 8/86 6 
Owensboro Daviess 9/86 6 
Louisville (Fairdale) Jefferson 9/86 10 
Louisville (Highview) Jefferson 9/86 6 
Louisville (Southern Pkwy) Jefferson 10/86 6 
Shelbyville (U.S. 60 E of town) Shelby 10/86 8 
Louisville (Hwy 155 near Freeway) Jefferson 10/86 6 
Glasgow (Mallory Dr.) Barren 10/86 8 
Clay City (Mt. Pkwy) Powell 10/86 6 
Franklin (Hwy 100) Simpson 11/86 8 
Taylorsville (near old school) Spencer 11/86 6 
Horse Cave (I-65) Hart 12/86 6 
Cave City (Convention Center) Barren 1/87 6 
Lexington (St. Joseph Hospital) Fayette 2/87 4 
Green County (near Summerville) Green 2/87 6 
Montgomery County (near Camargo) Montgomery 3/87 6 
New Castle Henry 3/87 6 
Hopkinsville (Country Club) Christian 4/87 15 
Mt. Sterling (Hwy 686) Montgomery 4/87 6 
Maysville Mason 5/87 10 
Milton Trimble 5/87 6 
Sadieville (U.S. 25) Scott 5/87 6 
Harrodsburg (U.S. 127) Mercer 6/87 6 
Ft. Campbell Christian 6/87 32 
Richmond (Deacon Hills) Madison 9/87 10 
Peewee Valley Oldham 11/87 i 
Columbia (Bomar Hts.) Adair 12/87 a 
Park City (Hwy 255) Barren 1/88 18 
Bowling Green (Woodford St.) Warren 2/88 10 
Louisville (Buechel Bank Rd.) Jefferson 3/88 11 
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Type of site 


Bird roost 
Bird roost 
Pigeons in attic 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bats in church 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Pigeons in bldg. 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Pigeons in attic 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Pigeons under Ohio River bridge 
Pigeons under Ohio River bridge 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
Chicken yard 
Bird roost 
Bird roost 
Bird roost 
Bird roost 
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found to be negative. Although these condi- 
tions contribute to a site becoming positive, 
other factors must be involved. One case in 
point is that of the Cedar Lake Park roost in 
Louisville, which prior to its destruction, had 
been an active roost for approximately 10 years. 
That site, tested by the Centers for Disease 
Control and our laboratory, has never con- 
verted to a positive status. 

The positive Hopkinsville site afforded a 
valuable opportunity to retest a Histoplasma 
containing site after decontamination with for- 
malin. The decontamination procedure was 
carried out by a private pest control company 
and retesting was performed 8 months after 
the original test and 2 months after the for- 
malin treatment. Original sampling yielded 8 
of 15 positive samples while 2 of 10 samples 
remained positive after the application of for- 
malin. Since use of this method is the standard 
procedure for disinfecting the soil (18), the 
partial failure is thought to be due to insuffi- 
cient contact time, inadequate quantity of for- 
malin, or uneven application of the solution. 
Decontamination is a difficult and expensive 
procedure, and due to hazards to humans and 
other fauna cannot be performed in a large 
number of cases. 

With regard to other positive sites, the 
LaGrange site had not been disturbed in any 
way, and at least one resident of the surround- 
ing neighborhood was suffering from an active 
case of histoplasmosis (S. Hochstedler, pers. 
comm.). Also, at the Pewee Valley site, a dog 
with access to the chicken yard was shown to 
have expired as a result of histoplasmosis (C. 
O. Turner, pers. comm. ). 

These incidences highlight the potential 
health threat of residing in close proximity to 
a positive site. It is prudent, therefore, to test 
a suspicious site for the presence of H. cap- 
sulatum if possible, especially if the site is rou- 
tinely disturbed by playing children, etc. or is 
scheduled for development. Periodic testing of 
known roosts with a 2- or 3-year history would 
be helpful, yet no laboratory within Kentucky 
is currently doing routine testing of soil sam- 
ples for histoplasmosis. If this type of testing 
were readily available, health professionals 
would be better equipped to deal with chang- 
ing roost status and be able to take the appro- 
priate steps to minimize any threat to public 


health. 


TaBLeE 2. Profile of sites positive for Histoplasma cap- 
sulatum in Kentucky with regard to type of vegetation 
and depth of guano. 


Approximate 


Site Vegetation guano depth (cm) 
LaGrange cedars 2.5 
Horse Cave(S) cedars 127 
Owensboro cedars Ics 
Louisville 

(Fairdale) hardwoods 2.5 
Hopkinsville cedars 2.5 
Maysville none (under bridge) 10.2 
Richmond cedars/hardwoods 1.3 


Peewee Valley none (chicken yard) unavailable 
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ABSTRACT 
This study analyzed the validity of 3 races of Fagus grandifolia Ehrh. (American Beech) suggested by 
Camp in 1951 (1). Flavonoid analysis of leaves showed the uniform presence of 3 compounds: quercitin-3- 
o-glucoside,kaempferol-3-o0-glucoside, and an unknown aglycone. Morphological analyses of leaf and fruit 
characters of specimens collected from throughout the range of this species showed a very slight, but not 
significantly important, segregation of specimens into the 3 groups as proposed by Camp. 


INTRODUCTION 


Fagus grandifolia Ehrh. (American Beech) 
is a large forest tree common to North Amer- 
ica. Its range is over most of the eastern area 
of the continent (Fig. 1). This species occupies 
many diverse habitats across its range and shows 
variation in morphology, specifically leaf and 
fruit morphology. Camp (1) recognized that 
variation in this species was considerable and 
proposed that 3 distinct races could be iden- 
tified (Table 1). These races are named white 
beech, red beech, and gray beech. While Camp 
provided scant evidence for his conclusions (a 
short grant report; letters to researchers de- 
scribing the races; and the annotation of her- 
barium specimens), his ideas have become in- 
cluded in many discussions of the species and 
its distribution in the forest of eastern North 
America (2, 3, 4, 5). The purpose of this work 
is to analyze morphological and chemical (fla- 
vonoid) characteristics that could be used to 
delineate Camp’s races as identifiable taxo- 
nomic units. 

Fagus grandifolia is described by some au- 
thors as a single taxonomic species with 2 rec- 
ognized varieties (6, 7). The type variety (var. 
grandifolia) is found in the uplands of south- 
ern Canada, New England, and the Great Lakes 
area, extending down the Appalachian chain 
to North Carolina and Tennessee. The second 
variety, var. caroliniana, is located in lowlands 
from Massachusetts south to northern Florida 
and west to eastern Texas. This variety also 


1 Letter from Camp to H. J. Oosting in 1952 includes 
a detailed description of the 3 races. Copy available from 
first author. 
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extends upward into the Mississippi valley of 
Illinois, Indiana, and Ohio. Both varieties occur 
in Kentucky. Of Camp’s 3 races, the white 
beech is most similar to var. caroliniana (8). 
The other 2 races of Camp do not clearly fall 
into either recognized variety.' Descriptions of 
the 2 varieties of Fagus grandifolia and Camp's 
3 putative races are outlined in Table 1. 


MATERIALS AND METHODS 


Leaves, branches and fruiting specimens of 
Fagus grandifolia were collected during the 
summer of 1981 at 3 different elevations (300 
m, 800 m and 1,500 m, all +100 m) in eastern 
Tennessee and western North Carolina. 
Voucher specimens are located at the Depart- 
ment of Biology, Saint Peter’s College, Jersey 
City, New Jersey. In addition, leaf material for 
flavonoid analysis was obtained from sites in 
Kentucky, Michigan, New Jersey and Ohio 
(Fig. 1). No young leaf or bud material was 
collected. Herbarium specimens at the Uni- 
versity of Tennessee, Knoxville (TENN), and 
the University of Wisconsin, Madison (WIS) 
were also analyzed for morphological char- 
acters. These herbarium specimens (TENN, 
WIS) were collected by others from through- 
out the range of this species (Fig. 1) and placed 
by us into the 3 elevational groups (which are 
equated to the elevational range of Camp’s 3 
putative races) based on the information in- 
cluded with each specimen. A minimum of 3 
leaves and fruits (if present) were measured 
on each herbarium specimen. Various mor- 
phological characters were measured for each 
herbarium specimen (Fig. 2). These morpho- 
logical characters were selected because they 


Fic. 1 
America (6). Approximate origin of field samples (*) and 
herbarium samples (+) used in the morphological analyses 


Range of Fagus grandifolia in eastern North 


Location of collections used in flavonoid analysis indicated 


by (Q) 


are, in general, those that Camp employed in 
his annotation of herbarium specimens. Also, 
there may be other habitat factors and/or mor- 
phological characters as important as those 
measured in this study or found on herbarium 
labels which would account for variation in 
the species. The morphological data from both 
the field and herbarium specimens were pooled 
for the statistical analyses. No flavonoid data 
were obtained from the herbarium specimens. 
The data were analyzed using the ¢ test. 


TABLE 1. 
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1. Blade length in millimeters (A-B) 

2. Blade width in millimeters (D - D’) 

3. Blade apex width in millimeters (C - C’) 

4. Blade base width in millimeters (E - E’) 

5. Leaf pubescence 
0 = shght pubescence (0 - 20 hairs/mm*) 
1 = medium pubescence (21 - 40 hairs/mm?) 
2 = heavy pubescence ( > 41 hairs/mm2) 


6 = Fruit prickle length in millimeters 


Fic. 2. Codes used for leaf and fruit character measure- 
ment in Fagus grandifolia. 


Leaf material from various locations with 
the range of American Beech (KY, MI, NJ, 
OH, TN) was studied chromatographically for 
flavonoid compounds, using methods modified 
from Mabry et al. (9). The flavonoids and other 
compounds were extracted from ground, dried 
leaf material using aqueous methanol. The 
sample was further prepared by removing the 
chlorophyll fraction using solvents of various 
polarities. The chlorophyll-free extract con- 
tained all the flavonoid compounds present in 
the original extract. Two dimensional paper 
chromatograms were obtained using TBA (ter- 
tiary butanol : acetic acid : water @ 3:1:1) and 
15% aqueous acetic acid as solvents. The chro- 
matograms were analyzed using standard 
methods outlined in Mabry et al. (9). The fla- 
vonoid compounds were separated for iden- 
tification using column chromatography with 
Sephadex LH-20. The identity and structure 
of each compound separated by column chro- 


Characteristics of the two varieties! and Camp’s three races® of Fagus grandifolia. 


Characteristic var. grandifolia var. caroliniana white beech red beech gray beech 

Geographic north and east south and SE south and SE___ north and east uplands of 

distribution US and Canada US US US and Canada Appalachians 
Leaf shape ovate ovate ovate lanceolate ovate 
Leaf margin serrate denticulate denticulate dentate dentate 
Pubescence of 

abaxial leaf surface silky on veins none heavy none none 
Fruit prickle 

length (mm) 4-10 1-3 1-2.5 3.5-6.5 1-3.5 

' Descriptions from Gleason and Cronquist (7) 


* Descriptions from Camp (1) and Braun (3) 
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TABLE 2. 


Results of t-tests for six morphological characters of Fagus grandifolia specimens (field and herbarium) 


grouped by elevation. (Location I = valley lowlands; location II = mid-elevation; location III = high elevation) (N = 
number of trees sampled in each location, M = mean; SD = standard deviation). 


I 


Character —N MoM SD. 
Blade length 30 101.8 17.5 
Blade width 30 o1.5 12.6 
Blade tip width 30 31.1 6.1 
Blade base width 30 43.9 Teh. 
Fruit prickle length 10 2: 1.0 


Location 
TI Tr 

N M sD N M sD 

44 99.4 15.5 73 108.1 21.2 
44 48.9 7.9 73 52.5 911 
44 28.8 49 73 30.9 6.3 
44 42.9 6.8 73 44.6 8.1 
21 2.9 1.2 31 3.6 0.8 


* Values sharing a common underline are not significantly different (P > 0.05, Student's t-test) 


matography were determined using IV spec- 
tral evidence (9). 


RESULTS AND DiIscuUSsION 
Flavonoid Analysis 


Analysis of leaf material collected from var- 
ious locations within the range of Fagus gran- 
difolia indicates no difference in flavonoid pat- 
tern in the samples based on location. Three 
flavonoid compounds were found: quercitin- 
3-0-glucoside,kaempferol-3-o0-glucoside and an 
unknown aglycone. Giannasi and Niklas (10), 
in a study of the flavonoid patterns in both 
extant and extinct members of the Fagaceae, 
also found the same 3 compounds in Fagus 
grandifolia leaf material. Tissut (11) in a study 
of Fagus sylvatica L. (European Beech), iden- 
tified quercitin-3-o-glucoside and kaempferol- 
3-o-glucoside as the major flavonoid com- 
pounds, with kaempferol-3-0-diglucoside 
occurring in small amounts and kaempferol- 
7-o-glucoside found ephemerally in opened 
buds and young leaves. North American and 
European species of Fagus show a much re- 
duced flavonoid profile when compared to 
Asiatic members (11). This may indicate a sta- 
ble flavonoid pattern that has remained that 
way for a long period of time. The concept of 
flavonoid pattern stability emphasizes the val- 
ue of flavonoid evidence in the analysis of spe- 
ciation (10, 12) and complements morpholog- 
ical data (13). The results of the present study 
indicate that foliar flavonoid analysis provides 
no indication of differentiation of Fagus gran- 
difolia into 3 races or the 2 varieties. 


Morphological Analysis 


The results indicate that for most characters 
examined the 3 “topographical populations” 
are indistinguishable (Table 2). The only sig- 
nificant difference between the 3 populations 
were in the length of fruit pickles and leaf 
length. There was no significant variation 
within plant or within elevational groups, ex- 
cept for fruit prickle length. The 3 elevational 
groups (sensu Camp's races) are not distin- 
guishable based upon Camp’s most differen- 
tiating character—intervein pubescence of 
abaxial leaf surfaces. Intervein pubescence was 
slightly greater in the mid-elevational popu- 
lations, but the lowland and high elevation 
specimens were indistinguishable in the num- 
ber of hairs/mm?. These data directly contra- 
dict Camp’s descriptions of the 3 races (1, 4). 

Because American Beech produces an irreg- 
ular mast and due to time of collection, many 
of the herbarium specimens lacked fruit, thus 
the sample size for fruits is smaller than for 
the other characters studied. The length of the 
fruit prickles, statistically different between the 
3 populations, increased in direct relation to 
elevation (Table 2). 

The results of this study indicate that while 
there appears to be clinal variation in most of 
the morphological characters measured, there 
is not enough difference between the popu- 
lations at the 2 ends of the character range to 
support the hypothesis that there are 3 races 
present. A more, plausible explanation is that 
ecophenic variation occurs in this species, which 
would account for the slight variations seen in 
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all but one of the characters. Fruit prickle 
length shows enough variation between the 
samples to be statistically different but within 
each sample there is a wide range of variation 
between locations. Each group overlaps with 
the others. Flavonoid data also shows no vari- 
ation between the samples from the 3 eleva- 
tions. The results of our study indicate that 
there is no basis to separate Fagus grandifolia 
into 3 races or to give Camp’s races taxonomic 
recognition. 
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ABSTRACT 


Arabis laevigata var. laevigata (Brassicaceae) is a facultative biennial of deciduous woodlands that occurs 
over a large area of eastern North America. In a study of its habitat in a central Kentucky woodland, it was 
found that: (1) the majority of A. laevigata rosettes were growing in shallow, bare, mineral soil at the edges 
of limestone rock outcrops; (2) the most common vascular plant associates of A. laevigata were Rhus radicans 
and Parthenocissus quinquefolia; (3) photosynthetic photon irradiance in the habitat of A. laevigata was 
higher in winter than in summer; and (4) the per cent of A. laevigata rosettes covered with leaf litter peaked 
in autumn, declined during winter and spring, and reached a minimum in summer. 


INTRODUCTION 


The genus Arabis (Brassicaceae) includes 
about 180 species and is distributed widely in 
temperate regions of the Northern Hemi- 
sphere north of the 29th parallel (1). In eastern 
North America, Arabis laevigata (Muhl. ex 
Willd.) Poiret var. laevigata (smooth rockcress) 
is a member of a taxonomic complex that also 
includes A. missouriensis var. missouriensis, 
A. missouriensis var. deamii, A. serotina Steele, 
and A. laevigata var. burkii. [Nomenclature 
follows Fernald (2) unless authorities are giv- 
en. | 

The geographical range of Arabis laevigata 
var. laevigata is from Maine and Quebec to 
Minnesota south to Oklahoma and South Car- 
olina. Hopkins (3) reported a specimen from 
Buena Vista, Colorado, but Harrington (4) does 
not include the species in his manual. Al-Sheh- 
baz (1) included Colorado in his description of 
the geographical distribution of A. laevigata 
based on Hopkins’ monograph (Al-Shehbaz, 
letter to J. Baskin dated 4 October 1988). The 
taxon is listed as endangered in Maine (5), rare 
in Quebec (6), and rare peripheral in Kansas 
(7). 

Arabis laevigata is of special interest because 
it is a facultative biennial [sensu Kelly (8)] that 
grows in forests. Since most facultative bien- 
nials grow in disturbed, well-lighted habitats 
(e.g., 9-13), a study of the autecology and pop- 


' Present address: Kentucky Nature Preserves Commis- 
sion, 407 Broadway, Frankfort, Kentucky 40601. 
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ulation biology of this taxon was undertaken 
(14). The objectives of the study on A. laevi- 
gata were to describe the habitat of the species 
in a central Kentucky woodland and investi- 
gate its life history characteristics, including 
demography and seed germination ecology. In 
this paper, we report the results of the study 
on the habitat characteristics. There have been 
no previous studies on the ecology of any of 
the 5 taxa in the A. laevigata complex. 


Stupy SITE 


The study site, Scott’s Grove, is a rocky de- 
ciduous woods (Fig. 1) located near Camp Nel- 
son in southern Jessamine County, Kentucky, 
above the confluence of Hickman Creek and 
the Kentucky River. It is bounded by US High- 
way 27 on the west, old US Highway 27 on 
the east and south, and a homesite on the north. 
The site is approximately 20 ha, and is located 
in the Little Hickman quadrangle at 
37°47'30’"N latitude and 84°37’W longitude. 
The portion of Scott’s Grove in which this study 
was conducted lies between 235 and 255 m 
elevation. 

Scott’s Grove is in the Bluegrass Section of 
the Western Mesophytic Forest Region (15). 
The major canopy trees are Acer saccharum, 
Carya glabra, C. ovata, Fraxinus americana, 
F. quadrangulata, Juniperus virginiana, 
Quercus alba, Q. muehlenbergii, Q. shumar- 
dii, Q. velutina, and Ulmus rubra (16). 

Bedrock is limestone of the High Bridge 
Group of the Middle Ordovician Series (17). 
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Fic. 1. Summer (top) and winter (bottom) aspects of the Scott’s Grove woodland. Most plants of Arabis laevigata var. 
laevigata occur on or near outcrops of limestone such as those shown in these photographs. 


Three distinct formations are found within 
Scott’s Grove: Camp Nelson Limestone, Ore- 
gon Limestone, and Tyrone Limestone. Most 
or all of the research reported here was con- 
ducted on Oregon Limestone. Soils are a fine, 


mixed, mesic Mollic Hapludalf (18). McAfee 
silt loam, a well-drained soil with 6-12% slopes, 
occurs at the site above 250 m elevation. The 
portion of Scott’s Grove below 250 m elevation 
is McAfee-rock outcrop complex with 6-20% 
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slopes; rock outcrops make up 15-25% of the 
area. Most of the research was conducted on 
this complex. 


MATERIALS AND METHODS 


Substrate.—The type of substrate on which 
plants of A. laevigata were growing was de- 
termined for 1,310 individuals. Plants were 
given identification numbers and tagged as they 
were found during a systematic search in Scott’s 
Grove. The 3 possible substrate designations 
were rock, moss, and bare, mineral soil. Plants 
rooted in holes or small cracks in rock were 
given the “rock” designation, while those 
growing in moss or in bare, mineral soil were 
given the “moss” or “soil” designation, re- 
spectively. 

Plant Associates.—Thirty-six sites were se- 
lected randomly from 104 limestone outcrops 
and other areas in Scott’s Grove where at least 
one rockcress plant was growing. Vascular plant 
associates of A. laevigata plants at each of the 
36 sites were identified on 29 June 1987, and 
presence (i.e., percentage of the 36 sites at 
which a species occurred) determined for each 
species. A distinction was made between sap- 
lings and adults of tree species. Mosses and 
liverworts were collected and brought to the 
laboratory for identification. The number of 
sites at which individual species of mosses or 
liverworts occurred was not determined. 

Light Measurements.—Photosynthetic (400- 
700 nm) photon irradiance (PPI) on a level 
surface was measured 0.5 m above 44 rosettes 
of A. laevigata at the 36 sites and in a nearby 
open field (full sun). Measurements were made 
between 11:30 a.m. and 1:00 P.M. on 22 June 
1986, 7 June 1987, and 15 January 1988 using 
a LI-COR model LI-185 quantum meter and 
an LI-190-S quantum sensor. Measurements of 
PPI at 2 A. laevigata sites also were made at 
60 s intervals and integrated over one hour 
periods on 6 June 1987 and 15 January 1988 
using a LI-COR model LI-1000 datalogger and 
two LI-190-SA quantum sensors. All light mea- 
surements were made under cloudless condi- 
tions. 

Leaf Litter Cover.—Individually numbered 
rosettes of A. laevigata were scored for the 
presence of a leaf litter cover on 14 dates from 
August 1986 to March 1988. Plants were cat- 
egorized as having no, partial, or total cover. 


RESULTS AND DISCUSSION 


Substrate. —Of the 1,310 A. laevigata plants 
censused, 292 (22.3%) were growing on rock, 
152 (11.6%) on moss, and 866 (66.1%) on bare, 
mineral soil. Of the rosettes growing on bare 
soil, 811 (94%) were in the very shallow soil 
(ca. 1-3 em deep) associated with outcrops. 
However, while most of the individuals studied 
in Scott’s Grove were associated with limestone 
outcrops, rosettes also were found at the south 
and east litter-free bases of trees and at a few 
scattered sites on the forest floor away from 
outcrops. 

From a survey of 22 local, county, state, and 
regional floras and Hopkins’ monograph (3) of 
the genus Arabis in eastern North America, 81 
descriptions of the species’ habitat were gleaned 
(14). Forty-eight (59%) of these descriptions 
have words indicating a rocky habitat. The 
species is reported to grow on the following 
rock types and/or soils derived therefrom: 
limestone (3, 19), sandstone (3), granite (20), 
shale (21), metabasalt (22), gneiss (23), and 
serpentine (24). However, while A. laevigata 
often occurs in upland, rocky woods, it also 
grows in lowland, alluvial woods and thickets 
(3, 25, 26). 

Soil depth and type per se probably do not 
limit the distribution of A. laevigata. Plants 
grow well in shallow soils on rock outcrops and 
in deep soils at the base of trees and in the 
greenhouse. As noted above, plants of this 
species occur on a wide variety of soil types 
including those derived from acid and basic 
rocks. 

Plant Associates.—Fifty-six vascular and 16 
nonvascular species grew in close association 
with A. laevigata at the 36 sites (Table 1). All 
of the vascular plant associates of A. laevigata 
are common in the eastern and/or southeastern 
United States, and many of them grow in dry 
forests and open areas. Two species, Arenaria 
patula and Sedum pulchellum, often are found 
on rocky limestone cliffs and cedar glades (2, 
27). Of the 56 individuals of the 11 tree species 
that occurred with A. laevigata, only 7 were 
adults. Arabis laevigata rosettes were found in 
the leaf litter-free soil at the south and east 
bases of 6 of the 7 adult trees. 

Light Measurements.—Arabis laevigata 
plants normally received less than 5% full sun- 
light in summer and from 20 to 100% full 
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TaBLE 1. Plant associates of Arabis laevigata at Scott's 
Grove. The numbers next to the species names of trees are 
the number of sites at which an adult of the species was 


present and the number of sites at which the species oc- 


curred 
Species Presence 
Acer saccharum (2/12) 33.3% 
Agrimonia rostellata 13.9 


Amphicarpa bracteata 2.8 


Anemonella thalictroides 25.0 
Arabis laevigata 100.0 
Arenaria patula 11.1 
Asplenium platyneuron 2.8 
Asplenium rhizophyllum 2.8 
Aster shortii 25.0 
Bignonia capreolata 44.4 
Bromus purgans 22.2 
Carex complanata 25.0 
Celastrus scandens 2.8 
Celtis occidentalis (0/6) 16.7 
Cercis canadensis (1/6) 16.7 
Conopholis americana 2.8 
Dioscorea quaternata 5.6 


Eupatorium rugosum 2.8 


Fraxinus americana (0/6) 16.7 
Fraxinus quadrangulata (0/7) 19.4 
Galium circaezans ia Fa 
Geum canadense 13.9 


Heuchera americana 2.8 


Hystrix patula 11.1 
Juniperus virginiana (1/4) 11.1 
Lonicera japonica Ta 


* Thirteen identified moss species occurred at one or more sites: Anomodon 
attenuatus, A. rostratus, Aulacomnium heterostichum, Brachythecium sp., 
Bryum caespiticium, Campylium hispidulum, Climacium americanum. Di- 
cranum sp., Dicranella sp., Entodon seductrix, Fissidens sp., Heterocladium 


sunlight in winter (Fig. 2). During mid-day in 
summer, very few sites were exposed to pho- 
tosynthetic photon irradiances of over 50 mi- 
cromoles m~? s~!, but in winter most sites re- 
ceived between 200 and 1,000 micromoles m~? 
s-'. Total photosynthetic photon irradiance at 
the two sites was 9.48 and 10.92 moles m~? 
d-' in winter, and 2.19 and 0.83 moles m~2 
d~' in summer (Fig. 3). 

The rosettes of A. laevigata are winter-green 
(14, 28), and light levels in the A. laevigata 
habitat are much higher in winter than in sum- 
mer (Figs. 2 and 3). Thus, the winter-green 
habit may be an adaptation of this species to 
deciduous forests. Other winter-green vascular 
plant associates of A. laevigata observed at 
Scott's Grove include the winter annuals Ar- 
enaria patula and Sedum pulchellum, the fa- 
cultative biennial Polymnia canadensis, and 


TaBLe 1. Continued. 

Species Presence 
Lonicera mackii 2.8 
Melica mutica sitet 
Morus rubra (0/1) 2.8 
Mosses, liverworts, lichens* 94.4 
Ostrya virginiana (0/8) 22.2 
Oxalis stricta 2.8 
Panicum boscii 5.6 
Parthenocissus quinquefolia 83.3 
Pilea pumila 5.6 
Poaceae unidentified species #1 5.6 
Poaceae unidentified species #2 8.3 
Polygonatum biflorum 8.3 
Polymnia canadensis 36.1 
Prunus serotina (0/2) 5.6 
Quercus muehlenbergii (3/3) 8.3 
Rhus aromatica 8.3 
Rhus radicans 86.1 
Ribes missouriensis 2.8 
Rubus sp 5.6 
Ruellia caroliniensis abel 
Salvia lyrata 2.8 
Sedum pulchellum 2.8 
Sedum ternatum 8.3 
Senecio obovatus 19.4 
Smilacina racemosa 8.3 
Solidago ulmifolia 2.8 
Symphoricarpos orbiculatus 16.7 
Triosteum angustifolium 2.8 
Ulmus rubra (0/14) 38.9 
Uvularia perfoliata 2.8 
Viola triloba 16.7 


macounii, and Platydictya confervoides. One liverwort, Lejeunea cavifolia, 


occurred at one site, and two lichen species occurred at one or more sites. 
Moss nomenclature follows Conard and Redfearn (29) 


the polycarpic perennials Geum canadense, 
Heuchera americana, Panicum boscii, and 
Salvia lyrata. 

Leaf Litter Cover.—The per cent of A. lae- 
vigata rosettes covered partially or totally with 
leaf litter peaked at leaf fall in November, 
gradually declined throughout winter and 
spring, and reached a minimum in summer 
(June-August) (Fig. 4). Dry weather in August 
1987 caused many trees in Scott’s Grove to shed 
their leaves in September, which was reflected 
in the increased percentage of partially cov- 
ered plants observed in October 1987. Few if 
any plants ever were covered with more than 
about 8 cm of leaf litter. One easily identified 
characteristic shared by all sites at which A. 
laevigata plants were observed was shallow or 
no leaf litter cover for most of the growing 
season. On the shallow soils of the rock outcrops 


ARABIS LAEVIGATA IN KENTUCKY—Bloom, Baskin, and Baskin 65 


© 22 June 1986 
© 7 June 1987 


4 15 January 1987 


Photosynthetic Photon Irradiance 


Fic. 2. 
and in full sun in a nearby field. 


wind blew many of the leaves away, and at 
the south and east bases of trees little litter 
accumulated. Leaf litter may be an important 
factor restricting the distribution and abun- 
dance of the species within the woodland hab- 
itat (14). 

Two factors contributing to habitat discrim- 
ination of A. laevigata are its intolerance to 
full summer sun and the presence of a flat, 
green rosette during winter. In a nonheated 
greenhouse, plants of A. laevigata grew poorly 
in bright light on top of greenhouse benches 
in summer, while plants in shade under the 
benches thrived. These observations indicate 
that the species can not grow in open, well- 
lighted habitats such as cedar glades because 
it is intolerant of full summer sun. On the other 
hand, the presence of a flat, green rosette dur- 
ing winter means that plants will not survive 
in areas where a deep layer of litter accumu- 
lates and persists for a prolonged period of 
time. Thus, plants of A. laevigata mostly are 
restricted to rock ledges and other relatively 
litter-free sites in woods. The occurrence of A. 
leavigata plants in “lowland, alluvial woods 


— Full Sun (Summer) 
Full Sun (Winter) 


Rosette 


Instantaneous photosynthetic photon irradiances above 44 Arabis laevigata rosettes at 36 sites in Scott's Grove 


and thickets” (3, 25, 26) implies that litter cov- 
er at these particular sites is sparse for most of 
the year. 

Other members of the Cruciferae also occur 
in deciduous forests, and it is informative to 
compare their phenological life cycles with that 
of A. laevigata. In the polycarpic perennials 
Cardamine douglasii and Dentaria laciniata, 
leaves emerge and plants flower in early spring, 
and seeds mature and shoots senesce in late 
spring. Thus, the plants emerge and complete 
their annual life cycles before canopy closure 
(30). In the obligate biennial Alliaria petiolata 
(M. Bieb.) Cavara and Grande, seeds germi- 
nate and rosettes are produced in spring. Plants 
remain in the rosette stage until the following 
spring, at which time they flower and set seeds 
(30). Thus, like A. laevigata rosettes those of 
A. petiolata are winter-green, but unlike A. 
laevigata rosettes those of A. petiolata are not 
restricted to rock outcrops and other litter-free 
sites. Rosettes of A. petiolata are large, and 
some of the leaves are in an upright position. 
On the other hand, rosettes of A. laevigata are 
small, and the leaves are flat. Perhaps these 
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Integrated hourly photosynthetic photon irradiances for two Arabis laevigata sites in Scott's Grove on 6 June 


1987 (top) and 15 January 1988 (bottom). Note different vertical scales. 


differences in rosette morphology help explain 
the differential tolerances of these 2 species to 
litter cover on the forest floor. 

The only other biennial that grows with A. 
laevigata at Scott’s Grove is Polymnia cana- 
densis (Compositae), which occurs on rock out- 
crops and in deeper soil where a heavy layer 
of litter accumulates. Unlike A. laevigata, 


however, P. canadensis has an upright growth 
form, which may be related to its tolerance of 
a cover of litter on the forest floor. 
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Spatial and Temporal Variability of 
Precipitation across Kentucky 
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ABSTRACT 


Precipitation records available from the National Climatic Data Center are used to analyze spatial and 
temporal variability in Kentucky's 4 climate divisions for the period 1895-1983. A statistically significant 
decrease in winter precipitation is noted for division 3 with similar, but not significant, trends noted in the 
other divisions for that season. These decreases are balanced by long-term increases in precipitation during 
the other three seasons. No statistically significant trends in long-term variability are evident. A shift in the 
month of maximum precipitation from March to July occurs from west to east across Kentucky. Seasonal 


variability also decreases eastward across the state. 


INTRODUCTION 


Many areas in the United States have ex- 
perienced abnormally dry conditions during 
the current decade (1). At the same time, tem- 
peratures have been above normal for much 
of the 1980s. As a result, significant and wide- 
spread drought has plagued the southeastern 
U.S. during several summers in the decade. 
The impact of the droughts on agriculture and 
municipal water supplies, in particular, has in 
many cases been severe. Although it is tempt- 
ing to attribute recent droughts to the much 
published “greenhouse effect” there is no clear 
physical evidence to corroborate this assertion 
at the present time. In fact, annual precipi- 
tation in Kentucky during this century has in- 
creased, albeit not significantly (2). Further- 
more, it has been shown that fluctuations in 
temperatures and precipitation on the order 
of 5 to 20 years frequently occur in the U.S. 
(3). 

This study makes use of divisional precipi- 
tation data for Kentucky to examine seasonal 
and annual precipitation during this century. 
Primary emphasis is directed toward ascer- 
taining differences in precipitation regimes 
across the state in both the spatial and temporal 
dimensions. 


DaTa AND METHODOLOGY 


Monthly totals of precipitation for the 4 cli- 
matic divisions in Kentucky are available from 
the National Climatic Data Center for the pe- 
riod 1895 through 1983. The monthly totals 
were combined into seasonal and annual series 
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for each climatic division, from which long- 
term means and standard deviations were cal- 
culated. Precipitation series frequently are 
highly skewed and must be transformed before 
applying statistical tests (4). However, plots of 
histograms and calculations of coefficients of 
skewness (5) indicate that the series utilized in 
this study are very nearly normally distributed; 
consequently, the standard deviation is an ap- 
propriate measure of variability in this case. 

A least squares linear trend line also was 
fitted to each precipitation series and tests of 
significance performed to determine whether 
any trend was significantly different from zero. 
All tests were performed at the 95% confidence 
level using a two-tailed ¢ distribution. 

Information about the variability of precip- 
itation over the period of record for individual 
series was attained by calculating a modified 
version of the “departure index,” DI, as for- 
mulated by Suckling (6). 

For a given year or season within a series 


DI; ry X, _ X,|/o,, (1) 


where X, is the individual season or annual 
precipitation total, and X, and o, are the mean 
and standard deviation for the entire period 
of record. Using this formulation, all index val- 
ues will be positive, with larger magnitudes 
indicating greater departures—either positive 
or negative—from the long-term mean. Given 
that this index is computationally similar to a 
z-score, then (assuming a normally distributed 
series) one might be tempted to associate de- 
partures of given magnitudes with probabili- 
ties of occurrence. However, this association is 
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not entirely valid in a statistical sense and should 
be interpreted with caution. Nonetheless, the 
departure index does provide a simple means 
of assessing variability in a given year /season 
relative to the “expected” long-term variabil- 
ity (2). 


SPATIAL AND TEMPORAL 
VARIABILITY OF PRECIPITATION 


The annual profiles of precipitation for the 
4 climatic divisions of Kentucky are shown in 
Figure 1. All 4 profiles show minima in Oc- 
tober and maxima in either March or July. 
Conner used station data for the period 1951- 
1980 to further define the areas that exhibit 
July maxima (7). The distribution of precipi- 
tation in the western division, in particular, 
reflects the anomalous “Tennessee” rainfall 
profile delineated by Trewartha in which pre- 
cipitation maxima occur in either winter or 
spring (8). In fact, greater than 50% of the 
annual precipitation falls during the winter 
half-year (October through March) in both the 
western and central divisions. The eastern and 
bluegrass divisions follow more closely the ex- 
pected profile for stations located in the inte- 
rior portion of a continent, where precipitation 
maxima tend to coincide with the warm sea- 
son. Nevertheless, the March precipitation to- 
tals form a strong secondary maximum in the 
eastern half of the state. This annual distri- 
bution of precipitation is, presumably, a man- 
ifestation of the position of the jet stream (and 
thus the paths of cyclonic storms) and the an- 
ticyclonic circulation at the surface that de- 


State climatic divisions in Kentucky and the annual distribution of precipitation for each (insets). Precipitation 


velops over the southeastern U.S. in the fall 
(10). 

Inspection of Table 1 reveals that both an- 
nual and seasonal variability of precipitation 
(as measured by the standard deviation) de- 
crease from west to east across the state. This 
decreasing variability toward the east is most 
likely the result of an increase in the frequency 
of cyclonic systems in this region and the in- 
creased orographic lifting created by the Ap- 
palachians (9). This tendency toward decreas- 
ing variability eastward across the state (and 
into the Appalachians) is supported by the find- 
ings of Eichenlaub, Strommen and Dickason, 
who used the gamma distribution to analyze 
rainfall variability (11). 

Figures 2 and 3 also illustrate the tendency 
for greater annual variability in the western 
part of the state, as well as the apparent trend 
(heavy solid line) toward increasing annual 
precipitation totals in these 2 divisions. Of 
course, the occurrence of a trend within a giv- 
en time series is in part a function of the length 
of the record. Consequently, extrapolation be- 
yond the time period studied here is not jus- 
tified. Given that the graph axes in Figures 2 
and 3 are identical, it is evident that division 
2 precipitation is more variable (with extremes 
of approximately 760 mm in 1930 and 1,730 
mm in 1979) than that in division 4. Also, in 
both divisions, annual variability has increased 
since approximately 1930. In fact, annual vari- 
ability is increasing in all 4 divisions in the 
state, albeit not significantly (see Table 1). Al- 
though not significant in a statistical sense, the 
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Fic. 2. Division 2 annual precipitation time series. The 
thin line is the long-term mean and the thick line the 
linear trend. 


TABLE 1. 


ANNUAL PRECIPITATION 


DMISION 4 
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Fic. 3. Division 4 annual precipitation time series. The 


thin line is the long-term mean and the thick line the 
linear trend. 


Means, standard deviations, slopes of linear trend lines fitted to the precipitation series, and signs of the 


slope of the linear trend of the departure indices (variability). 


Division 1 
western 
Spring 
Mean (mm) 353 
Standard deviation (mm) 100 
Slope of trend (mm yr~!) 0.584 
Variability trend*** = 
Summer 
Mean (mm) 290 
Standard deviation (mm) 75 
Slope of trend (mm yr~!) 0.152 
Variability trend*** + 
Fall 
Mean (mm) 259 
Standard deviation (mm) 82 
Slope of trend (mm yr~!) 0.127 
Variability trend*** S 
Winter 
Mean (mm) 323 
Standard deviation (mm) 110 
Slope of trend (mm yr~') —0.762* 
Variability trend*** = 
Annual 
Mean (mm) 1,225 
Standard deviation (mm) 192 
Slope of trend (mm yr!) 0.178 
Variability trend oo 


Division 2 Division 3 Division 4 
central bluegrass eastern 
345 321 322 
92 82 71 
0.635* 0.432 0.356 
311 312 324 
81 vw 61 
0.533 0.381 0.178 
+ —_ _ 
254 232 229 
86 74 69 
0.223 0.127 0.508* 
330 288 307 
112 96 86 
—0.838* —0.940** —0.483 
= Ss + 
1,241 1,153 1,181 
190 163 139 
0.660 0.051 0.610 
+ + Te 


* Significant at 90% confidence level 
** Significant at 95% confidence level 
*** None are significant 
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Fic. 4. Division 2 summer precipitation time series. The 
thin line is the long-term mean and the thick line the 
linear trend 


increasing variability may have a measurable 
impact on the climatic water balance, agri- 
culture and water supplies. 

Figures 4 and 5 are presented to illustrate 
graphically the trends evident in Table 1. Both 
are plotted using identical axes for ease of com- 
parison. Although least squares lines are drawn 
for each time series, only the trend for winter 
precipitation in division 3 (Fig. 5) is statisti- 
cally significant. Based upon the least squares 
line calculated over the period of record, win- 
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Fic. 5. Division 3 winter precipitation time series. The 
thin line is the long-term mean and the thick line the 
linear trend, 
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Fic. 6. Time series of departure indices for fall precip- 
itation in division 1. The thin line is the linear trend. 


ter (December, January, February) precipi- 
tation has fallen from about 330 mm to 240 
mm per season in division 3. However, the 
decrease in winter precipitation is more than 
offset by increases in the other 3 seasons. The 
immediate cause of this decreased winter pre- 
cipitation is not known, but presumably re- 
flects a shift in the circulation and attendant 
cyclonic storms in this region. Whether this 
decreased winter precipitation is evident in 
neighboring states is not known at present, al- 
though this is being investigated by this author. 
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Fic. 7. Time series of departure indices for winter pre- 
cipitation in division 4. The thin line is the linear trend. 
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As noted earlier, these changes in precipitation 
regimes may have important implications for 
future water demand and usage and, in par- 
ticular, for agriculture. 

Figures 6 and 7 illustrate changes in the 
variability of seasonal precipitation as mea- 
sured by the departure index. The numerical 
values of the slopes of the trend lines fitted to 
these series were not printed in Table 1 since 
none were significant. The trend fitted to the 
departure indices for fall in division 1 (Fig. 6) 
is the largest of all and reveals reduced vari- 
ability since the late 1950s in the westernmost 
division. It is interesting to note that despite 
the fact that there are apparently minor in- 
creases in variability when considering annual 
totals, 12 of the 16 seasonal trends in variability 
are negative (i.e., decreasing variability). One 
must keep in mind that most of the slopes are 
extremely small, the manner in which the de- 
parture index is calculated, and most impor- 
tantly, that a linear fit of a trend line to these 
series may not be the “best” fit to the data. 


CONCLUSIONS 


Divisional precipitation data for Kentucky 
show a subtle but definite shift in precipitation 
regimes from west to east, with March maxima 
in the western divisions and July maxima in 
the eastern divisions. Time series of seasonal 
and annual totals for all 4 divisions indicate a 
marked decrease in winter precipitation, most 
notably in division 3 (bluegrass), where the 
least square line fitted to winter totals shows a 
decrease of some 35-40% over the period 1895- 
1983. Smaller decreases are noted in the other 
3 divisions. Conversely, spring, summer and, 
toa lesser extent, fall totals have increased over 
the period of record, resulting in slightly in- 
creasing annual totals during this time. The 
impact of these changes may have important 
implications for the climate water balance and 


agriculture. Significant changes in precipita- 
tion variability are not evident in the records, 
although the fall series for all 4 divisions show 
similar rates of decreasing variability. 
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Their sleeping and resting places, hardly 
more than minuscule chinks, doubtless still 
pock-mark the vertical stone walls. The chinks, 
I am certain, are filled by day with the de- 
scendants eventuated by reproduction of the 
generation I met there over 20 years ago, along 
with the desert mule deer and woodchucks and 
other animals that aggregated near the water 
for salvation. Exactly what stimulated me to 
think of Clear Creek Canyon and tree frogs 
on this anniversary day of my marriage is not 
quite clear; perhaps it was my wife at dawn. 
The patterns of thought that drift back across 
decades, retracing the journeys of soul part- 
ners, are not reducible by way of content; they 
dredge up trivial incidents that have lingered 
long in the subconscious, bringing them to the 
surface and magnifying them into startling 
clarity. 

Computers are that way, too, and they used 
to amuse me, but the experts in the music 
department at the university now tell me that 
their synthesizers can duplicate the mating calls 
of tree frogs so exactly that even expert her- 
petologists can’t tell the difference—maybe 
even the frogs themselves can’t tell the differ- 
ence—I’ve heard the machines, and I can’t tell 
the difference. Perhaps on a rainy night, per- 
haps—Well, it wouldn’t make any difference, 
but it is interesting to speculate what a live 
tree frog would do with a whirring, blinking 
machine on the banks of an algal-ridden, mud- 
dy pond ina pristine night just made for calling 
and posturing, a response more ancient than 
computers, than listening devices, than man 
himself. 

The world of computers, I fear, threatens 
me. I comprehend this new threat during my 
leisure contacts with associates, friends, and 
perfect strangers, and in my living room as I 
concentrate my vision on the flickers and whir- 
rings of the TV set. There are new horizons to 
be won, for sure: “Tommorow is taking shape, ” 
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a company’s promotional ad assures us. ““Tech- 
nology is allowing us to see the world in an 
entirely new way. The biotechnologists and 
the electronics experts have reduced most of 
the problems down to their elements; behavior 
is just another level in the scheme of things; 
and there's no limit to where our technology 
can lead us once we put our mind to it. It’s 
leading us, all right, which is why, I suppose, 
I'm finding it so hard to interface my animals 
down in Clear Creek Canyon with program- 
mable machines. I've also just finished reading 
in Stephen Jay Gould’s Ontogeny and Phy- 
logeny that, “There may be nothing new under 
the sun, but permutation of the old within 
complex systems can do wonders.” I'll drink 
to that, for any one of those tree frogs is more 
complex than all the machines on earth com- 
bined. That’s the kind of complexity for elated 
wonder, not that of computers. They are mea- 
suring and counting devices, not living things. 

Some of us, perhaps, prefer to think other- 
wise. There is warmth to the touch when the 
power is on, I know, and some of the more 
ingenious ones can even move and “talk” — 
my camera even tells me when I need more 
light. “Bunched,”” wrote Hart Crane, “in mu- 
tual glee, the bearings glint—murmurless and 
shined in oil-rinsed circles of blind ecstasy.” It 
is, I guess, only natural that people who spend 
their entire lives puttering around with com- 
plicated machinery could eventually feel as if 
they are being converted to machines them- 
selves, like sinners at a tent revival. 

The advance was insidious, not a storming 
of the citadels. Computers came into meeting 
halls and talked in Texas drawls—ponderous 
machines worked by wonderfully dedicated 
fingers. Computing wonders were escorted 
around the universities by their promoters. 
They were overpowering looking contraptions 
that could out-cipher whole math depart- 
ments, enroll student bodies, and accomplish 
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other amazing feats. Japanese bank tellers were 
still using abacuses. Human brains, whether 
they were visualized as being wired like tubes 
in series or not, sent electrical discharges along 
prescribed pathways to achieve results not 
unlike those early computers. Like it or not, 
humans functioned because of insulated elec- 
trical circuitry. Man was like the computers, 
but not as fast, exact, or as infallible. 

Then microchips and other system compo- 
nents were discovered, and the systems were 
linked to systems while the bulky size dimin- 
ished, the capabilities increased, and, presto— 
microcomputers! Then, finally, all the barriers 
were broken and practically everybody in 
America was handling some form of computer. 
Penny arcades melted away, replaced by com- 
puter game halls, and those resurfaced in ex- 
ponential, stultifying dimension in homes, even 
in Arizona hogans. The answer lies patent in 
us all, the machines usurp more and more, and 
they replace contemplation with instant grat- 
ification, but when you try to analyze it the 
gratification is an illusion—and thus, by some 
remote racial memory, not anywhere as sat- 
isfying as shaman’s sandpaintings that the next 
wind carries away. The bits, bytes, and K’s are 
at the bottom of it and we can go beyond that 
in a little while—replicate computers that will 
pour sandpaintings better than a Wolf Society 
shaman. 

That would not startle me, though a Sing in 
a back-country hovel over a dying Athabascan 
is an awe-inspiring experience and far, far more 
thought-provoking, I believe, than circuits ex- 
ecuting paintings on a cathode screen. More 
than that, I revel in believing that the shaman 
is a living personification of historical and bi- 
ological constraints, just as we ourselves are the 
products of savages who gathered around ice- 
age fires to inspect fates in goat entrails. There 
is comfort in knowing that. If the computer 
doesn’t make mistakes, you understand, it is 
because a programmer lurking in the back- 
ground has instructed it not to do so. If people 
are correct in their judgements—well, that’s 
the way it is with living things. That is the way 
it has always been, for there is always the pos- 
sibility of erring, and the possibility of being 
right. Constraints and actions, the building of 
Paris, or the salting of Carthage. In either case, 
the potential is awesome; and the shaman knows 
that, too. And the tree frogs, the tree frogs in 


Clear Creek Canyon knew it, and they are with 
me always—but I didn’t know it until a long 
time afterwards. We were full of marriage and 
youth and grant money—part of a research 
project to study the sense of smell in desert 
fishes. The desert is a great teacher, full of 
meanings and paradoxes. Humans are only 
temporary intruders, ecological misfits who 
dare to defy their own adaptations. 

Speeding there directly from the green east, 
we kept up the same tempo to which we were 
habituated at home in order, we believed, to 
understand what we were seeing more clearly. 
We raced the sun, we sped desperately from 
one stream to the next in the broiling sun. We 
toiled in the tortuous canyons and side canyons 
that had eroded through the living rock and 
sought the little isolated springs that found their 
way to the surface from the great underground 
aquifers. We never listened to the radio and 
forgot that towns existed. Sometimes we found 
pockets of fishes thought to be rare or even 
extinct, and this kept us going from day to day. 
The pain to know was exceedingly keen. We 
were learning, as the Navajo and the Diné 
before had learned, to track living things in a 
land that eliminates tracks as fast as they are 
made. We grew serene, finally, in simply 
knowing that life succeeds against all odds. 

We camped 2 days in a paloverde and sa- 
guaro thicket that surrounded us like circled 
wagons. We brought our field notes up to date 
through one long, hot day. Finally, as the sun 
started down behind the mountains, Gila 
woodpeckers and guilded flickers emerged 
from their holes. Some of them perched im- 
mediately above us. There was mutual trust 
that bore understanding. We were all part of 
a waterless scene that could have come straight 
out of pre-history; we were striving toward the 
same end. The birds may have heard us when 
we first arrived, but they had not poked out 
into the heat of day to investigate. They fed 
on desert insects and grubs, and their wings, 
like the sound of blood welling through the 
ears, stirred the dead-still air; they ignored our 
presence and we reveled in theirs. 

Some days later we camped leeward of a 
dry, cracked playa, behind a formidable look- 
ing dune partially clothed with battered creo- 
sote bushes. There were myriad denning holes 
all around us, long-toed foot prints and tail 
tracks of mammalian and reptilian origins; the 
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creaking, groaning limbs of desert ironwood, 
festooned with fragrant bunches of purple 
flowers, took advantage of a stimulus to which 
all desert things are finely attuned. Rain. Rain 
is not common in the desert, but when it comes 
all life responds. We stood in the open air and 
soaked our parched skins. 

The black, rolling clouds finally spat out their 
electricity, for the storm grew in intensity, and 
the birds and mammals took shelter where they 
could find it. In the brilliant flashes I saw the 
wet sand around us writhing here and there 
and gradually, ever so slowly, in a synchro- 
nization that centuries perfected, the sand rose 
up in bumps and tiny hillocks before our fas- 
cinated eyes. We switched on flashlights. We 
were suddenly caught up in an act that had 
come unchanged across millions of years, an 
act of such fundamental importance to life that 
unbridled joy raced through us like an elec- 
trical shock. Golden-eyes, bulging and blinking 
away the long summer sleep, emerged from 
the sand, and the singing, the singing was won- 
derful. Thousands upon thousands of spadefoot 
toads conjoined in the ephemeral pools and 
rivulets, the males bellowing their nuptial songs. 
So cold, I think, we had become from the rain 
that we might have been amphibians ourselves, 
loving in the pristine night, setting free our 
coded spherules to run through the streams of 
all time, or to order the universe about them, 
or to shrivel and dissolve into the elements 
from whence they originated when the life- 
bringing fluid again vanished. 

It was an elating passage, but there was dis- 
cernible sadness in it, too. Even in the midst 
of all that exuberance of joy the thought in- 
veigled its way into my head that we were 
seeing our own fate unfold, a microcosm of 
the grand design of all life. A week later we 
headed into the Coconino National Forest 
country to arrive at some steep-sided, deep 
canyons with streams. My wife was 6 weeks 
pregnant. We had dined elegantly with the 
desert birds and responded to preternatual im- 
pulses with the spadefoots; now, with renewed 
vigor, we were going to descend downward 
through millenniums of time with its pulses 
frozen. Associates at home had requested des- 
ert tree frogs. Tree frogs are supposed to be 
creatures of the forests—amphibian counter- 
parts of monkeys and birds, we presume, that 
responded eons ago to open habitats with fewer 
competitors, singing phantoms that come and 


go as surely as the rains. But desert tree frogs 
are another matter. They come and go with 
the rains, all right, but many of them find no 
trees for singing perches when they emerge 
from the sand. It is doubtless intimately asso- 
ciated with that first wonderful summer with 
my darling wife out there among the buttes 
and chimneys of that desert, something, per- 
haps, I will never fully understand, but trilling 
songs in the night always draw the same re- 
sponse from me. I despise museum shelves full 
of clay-colored, songless frogs. 

We slipped and skidded along gutted gravel 
tracks, chunks of the roadbed plummeting 
down in the abyss on curves, and reached the 
lip of Clear Creek Canyon in a star-studded 
night. We wondered if even the Indians knew 
about this place, but if they did, why had they 
come? It looked as if man hadn't been there 
in a century, but we understood that the Uni- 
versity of Michigan ichthyologists knew all 
about the clear water trickling between the 
boulders in the bottom. They had come 30 
years before us, fought their way down, and 
come out into the open sun again with speci- 
mens of a new species of minnow. 

There were streams and puddles like that 
all over the arid Southwest. Relict pools and 
creeks that ran out into the desert and vanished 
into the sand, the remnants of a much wetter 
world that has been drying up since the last 
ice age. The strange little fishes that live in 
what’s left of the water are the ends of lines 
from the pre-ice fauna; the scientists who first 
discovered them are mostly gone, too. We could 
hear the night songs echoing through the can- 
yon below us: the cliff swallows and phoebes 
chittering, dwarf owls mournfully calling, and 
the thin, clear trilling of tree frog voices re- 
verberating off the sandstone cliffs. We sat on 
the lip of the gorge listening to the sounds in 
the night and I thought there was no finer 
music in the world. 

Our associate at home, one of those herpe- 
tologists interested in electronically defining 
frog music, had requested live specimens. He 
had sent ice chests and special insulated bottles 
in which to ship them. His laboratory was de- 
pleted. He was himself in the field in Wyoming 
and was willing to trade fishes for frogs. Two 
grants are better than one in such cases. But 
that was one of the reasons we were there, to 
bring out samples of living desert tree frogs. 

There were no paths or trails down into the 
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canyon. We planned to climb down the steep 
slopes, but in places the walls were vertical, 
providing only chinks and crevices for hand- 
and toe-holds. Coarse, rough plants stuck out 
at sharp angles, trying to get their leaves into 
the light. It was something to which we had 
become accustomed in the desert where any 
sort of shelter from the elements and predators 
was at a premium. A chink high up on the side 
of a steep cliff magnetizes lizards and snakes 
and mice until they set up housekeeping, sus- 
picious at first, probably, but suddenly relieved 
when nothing looks back at them. 

The chinks and niches made me think how 
we, man, I mean, have increased the ranges 
of certain animals. I have seen nighthawks 
making their nests on the gravel roofs of tall 
buildings in cities, and Mississippi kites dining 
atop telephone poles. And, of course, there are 
mice and rats. If anything has the ability to 
peer into dark places to see if something is 
looking back it is mice and rats. You wonder 
where those rodents would be without the in- 
cessant building ventures of humans. 

“We'll be here when you are gone,” they 
seem to whisper through their whiskers. “Per- 
haps sooner than you think.” 

But at Clear Creek, we started down as soon 
as the sun was high enough for vision, and we 
carried ropes in case of need. I had a waistpack 
girted to my middle full of bottles and lunch; 
we lowered the fish net by rope in stages. We 
were mentally prepared for any problem. We 
eased over the side, dislodged pebbles and sent 
them bounding and thumping rock to rock 
below. We came to the first chinks—tree frogs 
leaped from them and fell like the pebbles but 
caught by their suctioncup toe pads and swung 
against the stone; there were faint movements 
in the next chinks below us. 

I perched on a ledge, fixed the rope to a 
shrub, and swung outward until my feet were 
planted against a vertical wall. The wall was 
pocked by dozens of shallow pits and cracks 
and practically every one of them contained 
a day-resting tree frog. With me in front, jars 
ready, there was no way I could miss capturing 
them. Carefully, I covered successive chinks 
with the palm of my hand and I soon had 
nearly fifty of the cold-bodied animals safe in 
the jars. 

It was a perfect day, a successful day except 
for what lay ahead—we still had to accomplish 
our primary objective on the bottom. That did 


not cause us perturbation, or it it did it is not 
now in my residual memory. We got to the 
canyon floor and found a jumble of enormous 
boulders that had dislodged from the canyon 
walls, but instead of a cleanly flowing creek 
there were intermittent pools here and there; 
all the flow was subterranean. We cleared whole 
pools with single sweeps of the net and we got 
specimens, but instead of the minnow we'd 
come after we got dwarfed suckers, tiger sal- 
amander larvae, and thousands of canyon tree 
frog larvae. I released them all, and we tried 
again and again; after that we sat on a huge 
log that some flood had carried down and en- 
joyed a long lunch of peanut butter and water. 
We were tired, tired and silent. Shadows came 
into the canyon, and with the shadows came 
several mule deer and a marmot, their noses 
twitching inquisitively. One would think that 
these wild things would take one whiff of such 
strange intruders and make a break for distant 
safety, but they didn’t, for they had never heard 
the report of a gun, perhaps, never caught the 
spoors of man. The mule deers’ great ears 
flicked nervously, and the deep, liquid eyes 
met mine evenly. Perhaps it was the imprin- 
tation of youth, but I’ve never forgotten that 
instant, and I never shall. Nor shall I ever forget 
the fine sight of my copperheaded wife feeding 
peanut butter to a waddling, fat marmot, sit- 
ting up and begging like our terrier at home. 

The minnow we were after was not ellusive, 
just rare. At least it was rare in Clear Creek 
Canyon. We worked all day, past the time we 
should have worked, really, for it was nearly 
dark by the time we started out. The climb 
was snailishly slow, and dangerous; we kept 
dislodging rocks, slipping and threatening to 
fall. The sky was full of stars by the time we 
reached our camp. We were exhausted, too 
tired to even think of food. After all that work, 
we had captured a single immature minnow. 
That and the tree frogs; we still had the tree 
frogs to fall back on. They sang in the jars most 
of the night, a muted chorus that toyed with 
my conscience and prevented the sleep I need- 
ed so badly. 

I attempted to muffle the sound by pulling 
my head into the sleeping bag, to no avail. I 
placed the ice chest inside the truck and closed 
the door and finally dozed off to sleep. Still, I 
did not sleep well, without tossing and turning 
and dreaming. I was glad when dawn came, 
and I got up and made coffee. If we could get 
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to the airport and post the chest the tree frogs 
would quickly fade from memory. That would 
be good. We wanted to forget Clear Creek 
Canyon for a while and get on with the ex- 
pedition. I drank the bitter coffee and yawned 
mightily. Even a field biologist needed rest. 
The day came onward, not fruitfully, perhaps, 
but onward. 

By midday, as in thousands of days before, 
the heat waves that shimmered over the ex- 
panse of sand and granite were fully devel- 
oped. There were no clouds, and we were over- 
dosed on work and lack of sleep. I suggested 
that we drive down to one of the national forest 
campgrounds and rest for the remainder of the 
day. Luck took us to a spot, beneath towering, 
gently swaying pines, where Clear Creek, now 
swollen by tributary accretion, emerged from 
its canyon to meander through the nearly flat- 
lying forest. The water swirled deliciously 
around my groin. On the chance that the min- 
now might be there, we unfurled the net. One 
haul gave us all that we required. 

“Somebody got their wires crossed on this 
critter,’ I mused irritably, but there was no 
reason for a fine display of temper when there 
was sleep to be had. I decided to set the ice 
chest in a shady, breezy place. 

I opened the chest and took out one of the 
cold containers. The tree frogs were clamped 
to the sides of the jar, their long legs folded 
against their ancient bodies, the toe pads hold- 
ing them to the glass without slippage. I could 
see the blood coursing sluggish through the 
thigh and belly veins and I could see the tiny 
heart pulsing beneath the sternum. The golden 
eyes were indistinct beneath the white nicti- 
tating membranes. 

We slumbered in the shade like lethargic 
lizards, not deeply but contentedly. I awak- 
ened with a start in darkness. The moon was 
climbing above the rocks and trees, and the 
creek gurgled over the rocks. I built a cooking 
fire and awakened my wife. I felt a little de- 
pressed, and I understood why, but I didn't 
allow it tu interfer with our interactions. 

As we dined by the fire, speaking quietly 
the way lovers do, we heard the indistinct trill- 
ing inside the ice chest. It continued for over 
an hour. It must have lodged deeply in my 
wife's mind, too, for her attention kept drifting 
off. Sometimes she never even responded to 


direct questions. Her dark, luminous eyes kept 
avoiding mine in the firelight. 

I stood up and tossed out my coffee. “To 
hell with frequency analysis,” I said aloud, 
startling my wife. I removed the cold jars, re- 
moved the lids, and lay them on the gritty 
ground. For nearly a half-hour there was no 
movement. I was worried that I had over- 
chilled the frogs. Then, with extreme grace 
and agility, they began to emerge into the night, 
their dark vocal pouches vibrating, their slit 
pupils contracted against the fire light. Their 
long legs carried them many times their body 
lengths on single bounds. We could not see 
where they went. Yet, late that night as we lay 
side by side, from somewhere up in the rocks 
the primeval trills carried through the forest. 

In the sleeping bag, out of sight of the uni- 
verse, a small, strong hand insinuated its way 
into mine, and I was glad that it was dark so 
that she could not see the tears in my eyes. I 
was wide awake now, the weariness and 
depression dissipated. I listened to that halle- 
lujah chorus for hours. And I can hear it still 
each spring when the rains flood the low shrubs 
below our house. Inevitably I feel a tangible 
warmth, and the years fall away from my 
shoulders as if I have suddenly been divested 
of a heavy burden. 

We never saw the frogs again. They were 
all secreted the next morning. Our curiosity 
forced us into the rocks for a final look. Once 
more, we heard them, though—we camped on 
Clear Creek for an additional night—trilling 
and counter-trilling in the rocks, forest nuptials 
the way nature had intended. Then we drove 
away into the hotter extremes of the desert, 
never to return. 

Our child is a man now, and the mark of 
wilderness is on him, too, almost as if those 
nuptial choruses had prenatal influence—but 
that is, I guess impossible. At any rate, I am 
too old to start subscribing to non-scientific 
balderdash. “Computers are already changing 
the way we live on earth,” my television set 
assures me. “And where else?” 

High up in the towers, a new breed of ascetic 
fingers the keyboards and the electrical im- 
pulses race through the systems at the speed 
of light. In the music halls, the synthesizers 
valiantly search through millions of possible 
sound combinations. In the end they produce 
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frog sounds that are as good as any Hyla can 
make. 

But they are, I tell myself, invariable. There 
is, I decide, no message in the calls, no female 
waiting in the rocks to respond, nor will the 
calls result in thousands of tadpoles with gen- 
erations of messages implicit in their very being, 
nor will they ever elicit the touch of a warm, 


trusting hand that passes messages of affir- 
mation without a word being spoken. Through 
all the years, in each resurrection of spring, 
the new songs come down from the rocks and 
trees to share a moment of my space and time, 
and I remember. 

I always shall. 
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ACADEMY AFFAIRS 


THE SEVENTY-FIFTH ANNUAL BuSINFSS MEETING 
OF THE KENTUCKY ACADEMY OF SCIENCE 


University of Kentucky 
16-18 November 1989 


MINUTES OF THE ANNUAL MEETING 


The meeting was called to order by the President, Rich- 
ard Hannan, at 8:03 a.m. and on a motion by Branley 
Branson (seconded by Estel Hobbs) the minutes of the last 
Annual Meeting of 4-5 November 1988 at Eastern Ken- 
tucky University were approved as published in the Trans- 
actions, 


REPORTS OF THE OFFICERS 


Debra Pearce, President Elect, gave a brief statement 
relating to her office. 

The Vice-President’s report was given by Richard Han- 
nan for Grant Taylor and related to the awards presented 
at the Awards Banquet on 17 November. The Outstanding 
Scientist Award was presented to Dr. Dibakar Bhattacha- 
ryya of the University of Kentucky, the Outstanding In- 
dustrial Scientist Award to Dr. William P. Hettinger, the 
Outstanding Collegiate Science Teacher Award to Dr. 
Robert W. Kiser, and the Outstanding High School Teach- 
er Award to Ms. Lawana M. Scoville. 

William Hettinger, Past-President, thanked the Acad- 
emy for his award presented the previous evening. He 
announced that the 1990 meeting will be at Northern 
Kentucky University, the 1991 meeting in Owensboro, 
hosted by the Owensboro Community College, and the 
1992 meeting in Ashland, hosted by the Ashland Com- 
munity College. It is currently planned to have a tri-state 
meeting with Indiana and Ohio in Cincinnati in 1994. 

He also made a report on the activities of the EPSCoR 
program in Kentucky and some aspects of the Kentucky 
Science and Technology Council of which Charles Kup- 
chella is Secretary and several members of this council are 
either past presidents or members of the Academy. 

The Secretary reported the following activities of the 
office this past year: Two issues of the Transactions were 
sent to members and subscribers. Four regular and one 
special issue of the Newsletter were sent to all members 
of record in the Academy, all newspapers in Kentucky, a 
number of industrial organizations, and others. Other mail- 
ings included ballots, questionnaires, requests for nomi- 
nations for awards, registration materials for the Annual 
Meeting, and the Program for the Annual Meeting. 

The Treasurer, Paul Freytag, reported that the end-of- 
year balance would be about $58,000 after bills of ap- 
proximately $23,000 had been paid. Billing for dues for 
1990 will be sent in early January for those individuals 
who have not yet paid them. On a motion by Varley 


Wiedeman (seconded by William Hettinger) the following 
Report of the Treasurer was accepted. 


TREASURER 'S REPORT 


Kentucky Academy of Science 
18 November 1989 


Membership Dues... cece sseeeeeeeeeeneeeee $10,688.00 
Active (602) $ 9,030.00 
Family (25) 500.00 
Student (54)..... 378.00 
Life:(52)e2-* 780.00 
Institutional Memberships. 200.00 
Corporate Memberships 2,040.00 
Library Subscriptions... 1,340.00 
Page Charges.............-... 4,490.00 
Abstracts 790.00 
Annual Meeting (1988) ... 3,442.40 
Annual Meeting (1989) 
Fixhibitsesee se en ee one 4,800.00 
Preregistration... 6,913.00 
Interest Income... 2,677.80 
Griffith Memorial Trust... 0.00 
Endowment Gifts 233.00 
Total Receipts as of 
13: November 1989). ee $37,614.20 
Disbursements 
IAS fete a pect cS Bb se $ 2,000.00 
60.00 
14,370.67 
10,858.56 
1,812.00 
1,700.11 


$ 2,084.75 


Postal Meter Slugs... 316.00 
Student Help (for 
Secretary) 206.50 
Professional Services (CPA)... 540.00 
Annual Meeting (1989) 2,334.80 
Transfer to Endowment 
233.00 
Miscellaneous... 1,380.07 
Total Disbursements as of 
18 November 19892. $23,525.79 
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Kentucky Academy of Science Foundation 
Endowment Fund—1988 


Starting Balance (1 January 1989) 000000... $15,973.08 
Life Membership................ $13,500.00 
Endowment... 1,693.08 

Income 
Transfer from KAS 
Gifts to Endowment... 233.00 
Life Memberships (2)........ 500.00 
Interest 
First Security 290.61 
The Cumberland. 568.44 
Expenses 
Transfer to KAS Life 
Memberships............... 780.00 
Balance as of 13 November 1989... $16,785.13 


Kentucky Academy of Science Foundation 
Botany Fund 
Starting Balance (1 January 1989) 20000... $14,649.29 
(Principal—$13,089.82; Interest—$1,559.47) 


Income 
Interest 
First Security 0... $ 213.38 
The Cumberland............. 568.44 
Expenses 
1989 grants... 934.60 


(2) ... 


Balance as of 13 November 1989... $14,496.51 


Kentucky Academy of Science Foundation 
Marcia Athey Fund 
Starting Balance (1 January 1989) 0... $56,266.83 
Principal—$53,360.47; Interest—$2,906.26) 


Income 
Interest 
First Security $ 296.66 
The Cumberland.......... 2,815.07 
Expenses 
1989 Grant ee 2,448.00 


$56,930.56 


A motion to accept the Treasurer’s report was approved, 

The Executive Secretary, Rod Rodriguez, noted that the 
operations manual that he has been developing with the 
help of the various officers would be ready by the January 
meeting of the Governing Board. 

He also commented on the ad slugs, which have the 
Academy logo on them, were or are being used by several 
of the universities, 

He gave a brief report on the success of the Animal 
Care Workshop for Teachers under the sponsorship of the 
Academy and funded by the Kentucky Department of 
Education and the Council on Higher Education, that was 
held earlier in the year. It is planned that this workshop 


will be extended throughout the state with regional work- 
shops led by those who attended the earlier one. 

He commented about the marker denoting the founding 
of the Academy in 1914 that will be placed near the 
Chemistry-Physics building at the University of Kentucky. 


CoMMITTEE REPORTS 
MEMBERSHIP COMMITTEE 


Douglas L. Dahlman, Chairman for the KAS Member- 
ship Committee provided the following report. 

As of November 13, 1989 the current KAS membership 
was 849. Total paid membership last year at the annual 
meeting was 752. The membership this year is composed 
of 641 active members, 68 student members, 30 family 
memberships (60 individuals), 56 life members, and 24 
emeritus members. We also have 113 individuals who paid 
1988 dues but have not yet paid their 1989 dues. If these 
were paid, our total membership would be 962. A total of 
21 colleges and universities and 14 corporations and/or 
industrial affiliates are recorded for 1989. The number of 
educational affiliates remained the same as 1989 but the 
number of corporate affiliates increased by 10. 

Most of the membership drive activities this year have 
revolved around individual efforts of KAS members, the 
formation of new Sections, the activation of other Sections, 
dues reminder information, promotion of KAS within the 
high schools as a part of science competition events, letter 
writing campaigns and personal contacts within industry 
and state government, KAS involvement with the EPSCoR 
project, etc. Timely release of the Transactions and im- 
proved quality, size and number of mailings of the KAS 
Newsletter also have helped to improve the image of the 
Academy. 

New Sections approved in 1989 were Agricultural Sci- 
ences (Q) and Industrial Sciences (R). The Industrial Sci- 
ences Sections as well as Section P (Health Sciences) that 
was approved last year have programs for the first time 
at this meeting. 

The committee has been involved in up-dating mem- 
bership applications and distributing information about 
the Academy. 

The committee has been working on an assignment from 
President Hannan with regard to developing guidelines 
for the Honorary Member category. This is still being 
discussed at the level of the Governing Board. 


PUBLICATIONS COMMITTEE 


Branley Branson reported for the committee that this 
has been a relatively good year. Both the quality and 
number of submitted papers has been good, and we were 
even able to publish two non-biological science articles. 
The mix should be even better next year, since we have 
had recent submissions in the physical science and math- 
ematics areas. 

Volume 50, our “Diamond Anniversary Issue,” cost 
$19,297.26 to print: $10,858.56 for numbers 1-2 and 
$8,438.70 for numbers 3-4. Volume 50(1-2) included 13 
feature articles, Academy Affairs, Program and Abstracts, 
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Annual Meeting, Abstracts of some papers presented at 
the 1988 meeting, Distinguished Scientist and Outstanding 
Science Teacher Awards, Presidential Address, and News 
and Comments, for a total of 137 pages. Volume 50(3-4) 
included nine feature articles, two Forum features, News 
and Comments, Academy Affairs, 1988 Symposium Win- 
ners, and the annual index, for a total of 103 pages. Thus, 
the cost for producing the journal was just slightly in excess 
of $80.00 per page, although that does not reflect funds 
recaptured via page charges and charges for publishing 
abstracts. 

Regarding Volume 51(1-2), when a couple more re- 
views come in, I have enough articles on hand for a nice 
presentation. There is a continuing need for physical sci- 
ence and mathematics articles, and I would like to see 
presentations from the other subdivisions of the Academy, 
such as some of the work going on in EPSCoR, Engineer- 
ing, Geology, and Science Education 


RESEARCH FUNDS COMMITTEE 


It was reported that revised up-to-date guidelines for 
the Botany Fund and the Marcia Athey Fund had been 
approved by the Governing Board. The new deadline for 
submission of proposals is 15 January and a decision of 
funding will be made by 1 March. 


SCIENCE EDUCATION COMMITTEE 


Blaine Early gave a summary report about science ed- 
ucation and the KJAS. Many teachers do not know about 
the Junior Academy so more needs to be done throughout 
the state. The survey accomplished by the committee 
showed that the teachers would like more face-to-face 
contact between active scientists, both academic and in- 
dustrial, and the students. The data base being developed 
will probably help that aspect to a great degree. 


KENTUCKY JUNIOR ACADEMY OF SCIENCE 


Pat Stewart thanked the Academy for the support he 
had received during his tenure as Director of the Junior 
Academy. He then reported on the spring meeting of that 
body, noting that 57 presentations were read in science 
and math. The Senior High award went to Pleasure Ridge 
High School in Jefferson County and the Junior High award 
went to North Junior High in Henderson County. The 
Laboratory Skills awards went to Casey County High School 
in the 9th-10th grade category and South Side Middle 
School from Paris, Kentucky in the 7th-8th grade category. 


AWARDS COMMITTEE 


Richard Hannan introduced the following written re- 
port of the Awards Committee. 


A mailing was completed to state and private high schools 
(more than 420 total) soliciting nominations for Outstand- 
ing (High School) Science Teacher. 

Mailings to selected industrial people, and to the KAS 
membership were made soliciting nominations for Out- 
standing Industrial Scientist. 

(Earlier mailings had been made for Distinguished Sci- 


entist and Outstanding (College/ University) Science 
Teacher). 

Nomination materials were sent to committee members 
for evaluation. The Committee reported by telephone and 
a unanimous agreement was readily reached on the 1989 
award recipients. 

Distinguished Scientist: Dibakar Bhattacharyya 

Outstanding Industrial Scientist: William P. Hettinger 

Outstanding Teacher (College/University): Robert W. 
Kiser 

Outstanding Teacher (High School): Lawana M. Scoville 

The nominators of the award recipients were contacted 
by telephone; confirming letters were mailed or faxed. 

Award citations, both brief and detailed, were drafted. 

Follow-up mailing to award recipients and to other 
nominees and nominators will be done. 


NOMINATIONS, ELECTIONS, AND 
RESOLUTIONS COMMITTEE 


Larry Giesmann announced the results of the elections. 
Douglas L. Dahlman was elected to the office of Vice 
President and Ray K. Hammond and Burtron H. Davis 
were elected to membership on the Governing Board. 


On a motion by the Committee (seconded by Debra 
Pearce) the following three resolutions were passed by 
voice vote 


Resolution I: 


Whereas, the Kentucky Academy of Science, a profes- 
sional society of over 800 scientists from across the Com- 
monwealth of Kentucky and the United States, is vitally 
interested in the encouragement of research, the promo- 
tion of the diffusion of scientific knowledge, and the uni- 
fication of scientific knowledge; and 


Whereas, the University of Kentucky, the site of estab- 
lishment of the Kentucky Academy of Science in 1914, 
and an outstanding institution of higher education in the 
Commonwealth with excellent programs of study and re- 
search with a dedicated and highly qualified faculty and 
staff, has graciously and expertly hosted the Diamond An- 
niversary Meeting of the Academy, 


Therefore be it Resolved: that the Kentucky Academy 
of Science expresses its appreciation and gratitude to Pres- 
ident David Roselle, members of the Host Committee, and 
members of the University of Kentucky community-at- 
large who have worked so diligently and effectively to 
make this historic meeting a success. 


Resolution II: 


Whereas, the Kentucky Junior Academy of Science is a 
component of the Kentucky Academy of Science and serves 
to encourage the achievement of the goals of the Academy 
by young scientists throughout the Commonwealth; and 


Whereas, Joseph P. “Pat” Stewart has faithfully and 
tirelessly served the Kentucky Academy of Science as Di- 
rector of the Junior Academy of Science, organizing and 
leading Symposia, publishing Newsletters, soliciting fund- 
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ing, and otherwise promoting the growth of the Junior 
Academy, 


Therefore be it Resolved: that the Kentucky Academy 
of Science expresses its sincere appreciation and gratitude 
to Pat Stewart for his significant efforts in making the 
Kentucky Junior Academy of Science a vital part of science 
education in the Commonwealth. 


Resolution III: 


Whereas, the Officers, members of the Governing Board, 
and members of the Committees of the Kentucky Acad- 
emy of Science have labored diligently and long through- 
out 1989 to achieve the goals of the Academy; and 


Whereas, Richard R. Hannan as President of the Ken- 
tucky Academy of Science in 1989 has served the Academy 
with particular distinction, providing creative and re- 
sourceful leadership, and selflessly contributed his time 
and talents, 


Therefore be it Resolved: that the members of the Acad- 
emy express their gratitude to all for a job well done. 


The following resolution was introduced by Bill Martin 
and subsequently seconded. After extensive discussion a 
motion was made by Estel Hobbs (seconded by Willem 
Meijer) to table the motion. The motion failed on a vote 
of 28-25. Upon failure of this motion the original motion 
passed 32 to 12. 


Resolution IV: 


Whereas, biological diversity is an important component 
of the functioning of ecosystems, provides raw materials, 
products, and ideas for human civilization, and provides 
pleasure and emotional well-being for many; and 


Whereas, the Earth’s biological diversity is now being 
reduced at a rate without precedent in human history and 
this rate appears likely to increase greatly over the next 
several decades; and 


Whereas, the deterioration of the Earth’s biological di- 
versity is a significant concern of scientists, and a serious 
problem for humanity; and 


Whereas, The United States is being asked to take a 
leadership role internationally, but does not have a Federal 
policy toward conservation of biological diversity; and 


Whereas, scientific understanding of the components of 
biological diversity must be increased for their conserva- 
tion and sustainable utilization, 


Therefore be it Resolved that the Kentucky Academy 
of Science supports passage of legislation that establishes 
the conservation of biological diversity as a national prior- 
ity and 
1) establishes policy for conserving biodiversity and sus- 

tained utilization; 


2) creates a national center for inventory and research on 
biodiversity; and 

3) requires that consideration of biodiversity be included 
in all environmental assessments; and 


Be it further resolved that the Kentucky Academy of 
Science supports efforts by state agencies to provide public 
education on the importance of preserving biodiversity 
and urges the next session of the legislature to provide 
funds to further develop educational programs on biodi- 
versity. 


The following resolution, revised on a motion by Blaine 
Early (seconded by Debra Pearce), was introduced by Bill 
Martin (seconded by Joe Winstead). After discussion the 
motion was approved. 


Resolution V: 


Whereas, it has been established that by-products of 
North American industries and human activities produce 
pollutants that can adversely affect humans and natural 
ecosystems; and 


Whereas, it is recognized that the production of energy 
from fossil fuels is a major source of air pollutants, par- 
ticularly oxides of sulfur and nitrogen; and 


Whereas, there is considerable scientific evidence that 
these oxides are the direct and indirect contributors to 
atmospheric conditions that result in acid deposition, more 
popularly known as “acid rain”; and 

Whereas, it is recognized that these pollutants are trans- 
ported and transformed beyond their point of origin and 
across state and regional boundaries; and 


Whereas, there is an increasing degree of certainty that 
“acid rain” is detrimental to aquatic and terrestrial eco- 
systems, particularly in the eastern United States, 


Therefore be it Resolved that the Kentucky Academy 
of Science asks that the State and Federal legislatures (1) 
recognize that this national environmental issue transcends 
state and regional interests and concerns and (2) enact 
clean air legislation that will significantly reduce the pol- 
lutants causing acid rain and other atmospheric contam- 
inants. 


ARCHIVES COMMITTEE 


Larry Elliott requested that any information concerning 
the Academy be sent to him for filing in the Academy 
Archives, housed at Eastern Kentucky University. 

The President, Richard Hannan, then made a few brief 
remarks and passed the gavel of the office to the incoming 
President, Debra Pearce who, in turn, presented a plaque 
to Richard Hannan. 

The meeting was adjourned at 9:13 a.m. after a brief 
discussion of the Transactions. 
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PROGRAM, ANNUAL MEETING 


KENTUCKY ACADEMY OF SCIENCE 
75TH ANNUAL MEETING 


UNIVERSITY OF KENTUCKY 


Lexington, Kentucky 
16-18 November 1989 


OFFICERS OF THE ACADEMY 


Richard Hannan 
President 
Kentucky Nature Preserves Commission 


Debra K. Pearce 
President Elect 
Northern Kentucky University 


K. Grant Taylor 
Vice-President 
University of Louisville 


Varley E. Wiedeman 
Secretary 
University of Louisville 


Paul H. Freytag 
Treasurer 
University of Kentucky 


Pat Stewart 
Director of the Junior Academy 
Warren East High School 


Branley A. Branson 
Editor of the Transactions 
Eastern Kentucky University 


GOVERNING BoaRD 
Douglas L. Dahlman—1989 
Gordon K. Weddle—1989 
Larry P. Elliott—1990 
Valgene L. Dunham—1991 
W. Blaine Early III—1991 
Estel M. Hobbs—1992 
Lee T. Todd, Jr.—1992 


PROGRAM DETAILS 


Thursday, 16 November 1989 


9:00 a.m.-1:00 p.m. 

KAS Officers and Governing Board Business Meeting, Room 
203—Student Center Addition 

12:00-5:00 p.m. 

Registration, Grand Ballroom Mezzanine—O 

12:00-5:00 p.m. 

Vendor Exhibits, Grand Ballroom—O 

12:00-5:00 p.m. 

Scientific Poster Exhibits, Small Ballroom—O 

1:00-3:00 p.m 

Community College Science Faculties Room, 228—A 

1:00-3:00 p.m. 

Sectional Meetings 

3:00-3:30 p.m. 

Vendor-sponsored Refreshments, Grand Ballroom—O 
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3:30-5:00 p.m. 

Plenary Session: The Early Kentucky Academy, Dr. Ted 
George—Eastern Kentucky University; Shaping the Sci- 
entific Enterprise—1914-1989, Dr. Eric H. Christian- 
son—University of Kentucky 

Worsham Theater—A 

6:00-8:00 p.m. 

Reception, UK Faculty Club (Columbia & Rose Streets) 


Friday, 17 November 


6:30-7:30 a.m. 

Past President’s Breakfast, Radisson Plaza Hotel 
8:00-9:30 a.m. 

Spouse’s Program, Reading Room—O 

8:00 a.m.-5:00 p.m. 

Vendor Exhibits, Grand Ballroom—O 

8:00 a.m.—-5:00 p.m. 

Scientific Poster Exhibits, Small Ballroom—O 
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10:00-10:30 a.m. 

Vendor-sponsored Refreshments, Grand Ballroom—O 
8:00 a.m.—12:00 m. 

Sectional Meetings 


Friday, 17 November 


1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer, Organized by the Agriculture and Library and In- 
formation Science Sections 

Worsham Theatre—A 

2:00-5:00 p.m. 

Sectional Meetings 

6:00-7:00 p.m. 

Social Gathering & Mixer, Radisson Plaza Mezzanine 

7:00-9:00 p.m. 

Annual Awards Banquet, “Chickens,” Dr. Charles Kup- 
chella, Dean, Ogden College of Science and Technol- 
ogy, Western Kentucky University, Radisson Plaza 


Saturday, 18 November 


7:30-8:00 a.m. 

Coffee and Donuts, Lobby of Worsham Auditorium 

8:00-9:00 a.m. 

Annual Business Meeting, Worsham Auditorium—A 

9:00-12:00 a.m. 

Symposium: Biological & Synthetic Membranes, Small 
Ballroom—O 

8:00 a.m.—12:00 m. 

Sectional Meetings 


ANTHROPOLOGY SECTION 


John Hale, Chairperson 
Jim Murray Walker, Secretary 
Room 119—“Old” Student Center 


Friday, 17 November 


9:15 a.m. 

Experimental Archeology and Musical Instruments 

John Hale—University of Louisville 

9:30 a.m. 

A Tale of Two Pyramid Cities in Dynasty IV Egypt 

Elizabeth Finkenstaedt—University of Kentucky 

9:45 a.m. 

Social Disruption and Migration c. 1200 B.C. in the Aegean 
Area 

Bruce Beck—Owensboro Community College 

10:00 a.m. 

Maps, Stones, and Codes: A Viking Bishop in North Amer- 
ica 

Jim Murray Walker—Eastern Kentucky University 

10:15 a.m. 

Medieval Agrarian Society 


Rebeca Stringer—Eastern Kentucky University (sponsored 
by Jim Murray Walker) 

10:30 a.m. 

Coffee Break 

10:45 a.m. 

Cuicuilco: The First Urban Complex in Mexico 

Veronica York Tinsley—Brescia College, and Fernando 
Marroqin—Owensboro Community College 

11:00 a.m. 

Designing a Multi-dimensional Inter-active Data Base as 
a Taxonomy for Rock Art 

Robert Vallier—University of Tennessee—Chattanooga 

11:15 a.m, 

Report on a Recent Survey of Rock Art in the Casa Chi- 
quita Section of Chaco Canyon 

David Anderson—University of Tennessee-Chattanooga 

11:30 a.m. 

Akawaio: Tribe of Guyana of the Carib Language Family 

Doris Wall—Eastern Kentucky University (sponsored by 
Jim Murray Walker) 

11:45 a.m. 

The Ioway Indians and Their Emergence as an American 
Subculture 

Betty Wahlstedt—Eastern Kentucky University (spon- 
sored by Jim Murray Walker) 

1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 

2:15 p.m. 

A Preliminary Findings Report on Excavations at a Rich- 
mond, Kentucky Industrial Park 

Robert Moody—Eastern Kentucky University 

2:30 p.m. 

PPPP 

Glen McKissic—Eastern Kentucky University (sponsored 
by Jim Murray Walker) 

2:45 p.m. 

Computers and Their Effect on Modern Lifestyle 

Barbara McVay—Eastern Kentucky University (sponsored 
by Jim Murray Walker) 

3:00 p.m 

Indianst Literature as Social Protest in Latin America 

Ray Lewis—Eastern Kentucky University 

3:15 p.m 

Ideological Conflict: Reflections on the Development of 
Black Higher Education 1900-1940 

Alvin Seals—Kentucky State University 


BOTANY AND MICROBIOLOGY SECTION 


George P. Johnson, Chairperson 
Karen Kaul, Secretary 
Room 228—Student Center Addition 


Thursday, 16 November 
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1.00 p.m. 

Taxonomic Usefulness of Fruit Microcharacters in the As- 
teraceae 

W. S. Davis—Department of Biology, University of Louis- 
ville 

1:15 p.m. 

Host Specificity of Eastern Mistletoe (Phoradendron sero- 
tinum) in Kentucky, with Emphasis on Madison County 

Ralph L. Thompson—Department of Biology, Berea Col- 
lege 

1:30 p.m. 

Floristic Analysis of Henderson Fork Road Surface-Mined 
Area, Bell County, Kentucky 

Barbara L. Rafaill—Biology Department, Georgetown 
College, and Ralph L. Thompson, Department of Bi- 
ology, Berea College 

1:45 p.m. 

The Alvars of Drummond Island, Michigan and Ontario, 
Canada: Cedar Glades North of the Glacial Boundary 
in Eastern North America 

Jerry M. Baskin and Carol C. Baskin—School of Biological 
Sciences, University of Kentucky 

2:00 p.m 

Ecological Life History of Polymnia canadensis L. (As- 
teraceae) 

Martin H. Bender—School of Biological Sciences, Uni- 
versity of Kentucky (sponsored by Jerry M. Baskin and 
Carol C. Baskin) 

2:15 p.m. 

Exotic Plants of the Great Smoky Mountains National Park, 
North Carolina and Tennessee 

Richard K. Clements—School of Biological Sciences, Uni- 
versity of Kentucky 

2:30 p.m, 

A Comparative Study of the Relative Growth Rates of 
Three Closely-related Echinacea spp. 

Kristin M. Snyder—School of Biological Sciences, Univer- 
sity of Kentucky (sponsored by Jerry M. Baskin and 
Carol C. Baskin) 

2:45 p.m. 

Mosses of the Big South Fork National River and Recre- 
ational Area 

Allen C. Risk—Department of Biological and Environ- 
mental Sciences, Morehead State University 

3:30-5:00 p.m. 

Plenary Session: The Early Kentucky Academy, and Shap- 
ing the Scientific Enterprise—1914-1989 

Worsham Theater, Student Center Addition 


Friday, 17 November 


8:00 a.m. 

Floristic Studies in Southeastern Whitley County, Ken- 
tucky 

Laura A. Vinson—Biology Department, Cumberland Col- 
lege, and David D. Taylor—u. S. Forest Service 


8:15 a.m. 

Botanical Inventory of the Stearns Ranger District, Daniel 
Boone National Forest 

Julian Campbell—School of Biological Sciences, Univer- 
sity of Kentucky, and Allen Risk—Department of Bi- 
ological and Environmental Sciences, Morehead State 
University 

§:30 a.m. 

An Update on the Floristics of Mammoth Cave National 
Park 

Landon E. McKinney—Department of General Biology, 
Vanderbilt University, Mare Evans—Kentucky Nature 
Preserves Commission, and Kenneth A. Nicely—De- 
partment of Biology, Western Kentucky University 

8:45 a.m. 

Problem Groups of the Asteraceae in Kentucky 

Willem Meijer—School of Biological Sciences, University 
of Kentucky 

9:00 a.m. 

The Effect of Acidity, Nitrogen, and Phosphorous on Seed- 
ling Growth of Paulownia tomentosa 

John H. Melhuish, Jr. and C. E. Gentry—U. S. Forest 
Service, Northeastern Forest Experiment Station 

9:15 a.m. 

Effects of an Atypical Alternaria alternata on Paulownia 
tomentosa 

Bernadette V. Amsden—Department of Agronomy, Uni- 
versity of Kentucky, and John H. Melhuish, Jr.—U. S. 
Forest Service, Northeastern Forest Experiment Station 

9:30 a.m. 

Clear Cutting, Stump Sprouting and Dominance in Laurel 
County, Kentucky 

Joe E. Winstead—Department of Biology, Western Ken- 
tucky University 

9:45 a.m. 

The Influence of Severe Climate on Tree Growth in East- 
ern Kentucky 

Yan Liu and Robert N. Muller—Department of Forestry, 
University of Kentucky 

10:00 a.m. 

Coffee Break 

10:15 a.m. 

Dead Woody Biomass in an Old-growth Forest in Eastern 
Kentucky 

Robert N. Muller and Yan Liu—Department of Forestry, 
University of Kentucky 


10:30 a.m. 

Use of Forest Topsoil Seed Banks for Establishing Native 
Species on Drastically Disturbed Lands 

Gary L. Wade—U. S. Forest Service, Northeastern Forest 
Experiment Station, and Ralph L Thompson—Depart- 
ment of Biology, Berea College 


10:45 a.m. 

Myxidium serotinum Kudo and Sprague, 1940, (Myxospo- 
rida, Myxidiidae), in Kentucky Two-lined Salamanders, 
Eurycea bislineata (Green) 
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Charles R. Burchette, Jr. and Jon P. Shoemaker—BISC 
and Related Technologies, Ashland Community College 

11:00 a.m. 

Preliminary Findings in the Determination of the Ubiq- 
uity of the Glyoxylate Cycle in Basidiospores of Homo- 
basidiomycetes 

Lee A. Ingram and Donald G. Ruch—Department of Bi- 
ology, Transylvania University 

11:15 a.m. 

Response of Symbiotic Soybeans to Soil Acidity and Alu- 
minum 

Gary R. Cline and Karan Kaul—Atwood Research Facil- 
ity, Kentucky State University 

11:30 a.m. 

Ammonium Ion Inhibition of White Pine Tissue Cultures 

Karan Kaul—Atwood Research Facility, Kentucky State 
University 

11:45 a.m. 

Rocket Immunoelectrophoretic Assays of Ribulose 1,5 Bis- 
phosphate Carboxylase during Short Term Manganese 
Toxicity in Tobacco 

Kerrie Elliott and Frank R. Toman—Department of Bi- 
ology, Western Kentucky University 

12:00 a.m. 

Evidence of Phenotypic Plasticity in Mulberry 

Elmer Gray—Department of Agriculture, Western Ken- 
tucky University 

1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 


fer 
Worsham Theater—Student Center Addition 
2:00-5:00 p.m. 
Symposium: The Status of Floristic Studies in Kentucky 
2:00 p.m. 


The Status of Floristic Studies in Kentucky 

Ronald L. Jones—Department of Biological Sciences, East- 
ern Kentucky University 

2:25 p.m. 

A Review and Update on the Mosses of Kentucky 

Allen C, Risk—Department of Biological and Environ- 
mental Sciences, Morehead State University 

2:50 p.m. 

A Phytogeographical Study of the Genus Carex in Ken- 
tucky—A Preliminary Report 

Landon E. McKinney—Department of General Biology, 
Vanderbilt University, Ralph L. Thompson—Depart- 
ment of Biology, Berea College, and Allison Cusick— 
Division of Natural Areas and Preserves, Ohio Depart- 
ment of Natural Resources 

3:15 p.m. 

The Genus Ulmus in Kentucky 

Kenneth A. Nicely—Department of Biology, Western 
Kentucky University and George P. Johnson—Biology 
Department, Lindsey Wilson College 

3:30 p.m. 

The Menispermaceae in Kentucky 


George P. Johnson—Biology Department, Lindsey Wilson 
College, and Kenneth A. Nicely—Department of Bi- 
ology, Western Kentucky University 

3:45 p.m. 

Preliminary Report on the Flora of Estill County, Ken- 
tucky 

Richard Guetig—Department of Biology, Eastern Ken- 
tucky University (sponsored by Ron Jones) 

4:10 p.m. 

The Flora of Land Between the Lakes—A Review and 
Status Report 

Edward L. Chester—Department of Biology, Austin Peay 
State University 

4:35 p.m. 

A Computer-based Herbaceous Plant Flora of Kentucky 

Willem Meijer—School of Biological Sciences, University 
of Kentucky 

5:00 p.m. 

Atlas of the Kentucky Flora: Preparation and Proposal 

Julian Campbell—School of Biological Sciences, Univer- 
sity of Kentucky 


CHEMISTRY SECTION 


William D. Schulz, Chairperson 
James O'Reilly, Secretary 
Room 245—“‘Old” Student Center 


Thursday, 16 November 
Session I—Thomas F. Guarr, Presiding 


1:20 p.m. 

Laser Photoionization of Sulfur Dioxide 

M. R. Fenwick—University of Kentucky, A. C. Goren— 
Transylvania University, and J. R. Appling—University 
of Kentucky 

1:40 p.m. 

Intramolecular Electron Transfer in a Series of Highly 
Luminescent Binuclear Rhenium Complexes 

R. Lin and T. F. Guarr—University of Kentucky 

2:00 p.m. 

Poly(vinylidene chloride) as an Alternative Matrix for Ion- 
selective Electrodes 

Patrick K. Prince, V. J. Wotring, and L. G. Bachas— 
University of Kentucky 

2:20 p.m. 

Rigid-body Refinement of the Crystal Structure of Mono- 
clinic Ferrocene 

Yigang Fu and C. P. Brock—University of Kentucky 

2:40 p.m. 

Ligand-bridged Binuclear Rhenium Complexes: A Spec- 
troscopic and Electrochemical Investigation 

B. J. Yoblinski, M. Stathis, and T. F. Guarr—University 
of Kentucky 

3:00 p.m. 

Coffee Break 
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3:30-5:00 p.m. 

Plenary Session: The Early Kentucky Academy, and Shap- 
ing the Scientific Enterprise—1914—1989 

Worsham Theater, Student Center Addition 


Friday, 17 November 


Session II]-A—James E. O'Reilly, Presiding 
Room 245—“Old” Student Center 


9:00 a.m. 

On the Validity of Wallach’s Rule: Are Racemic Crystals 
More Compact than Their Chiral Counterparts? 

Carolyn P. Brock—University of Kentucky 

9:15 am 

Reductive Cyclizations of Ketyl Radical Anions 

Sean Wilgruber, Stephan Fonkeng, and R. W. Holman— 
Western Kentucky University 

9:30 a.m 

Reductive Chemistry of Dicyanoalkanes: Electrochemis- 
try and Dissolving Metal Chemistry 

Matt Perkins, Steve Fonkeng, and R. W. Holman—West- 
ern Kentucky University 

9:45 a.m. 

Guanylureas As Potential Dopamine and Serotonin Uptake 
Inhibitors 

Anne W. Schmidt, Thomas F. Seeger, G. Todd Miller, and 
Carl J. Goddard—Pfizer Central Research, Groton, CT 


10:00 a.m. 

Combining DSC and TGA for Measuring Heats of Re- 
action 

Roland Hoffman, Wei-ping Pan, and Mary Campbell— 
Western Kentucky University 

10:15 a.m. 

Coffee Break 


10:45 a.m. 

Characterization of Commercial Quicklimes and Slaked 
Limes 

Howard Powell—Eastern Kentucky University, and Ben- 
ny Kelly—Kentucky Department of Highways 

11:00 a.m. 

Ultra-cold Spectroscopy of HCOCN—Creation and De- 
tection of the Simplest Acyl Cyanide 

Jay T. Rae, Jerzy Karolczak, Dennis J. Clouthier—Uni- 
versity of Kentucky, and John W. Goddard—University 
of Guelph 

11:15 a.m. 

Enthalpies of Solvation of the Anions of a Series of Car- 
boxylic Acids 

Burton Lyle Wilson—Cumberland College, and John Bart- 
mess—University of Tennessee-Knoxville 

11:30 a.m. 

Steady-state and Time-resolved Studies of Quenching Re- 
actions of Photoexcited Ruthenium Complexes in So- 
dium Dodecyl Sulfate Micelles 

Seyed Amir Tabatabai—Cumberland College, Nicholas J. 
Turro, and G. Caminati—Columbia University 


11:45 a.m. 


Sun, Surf, and Sieverts: Nuclear Chemistry in California 
Todd M. Hamilton—Cumberland College and San Jose 


State University 


Friday, 17 November 
Coal and Petroleum Symposium 


Session II-B—John T. Riley, Presiding 
Theater— ‘Old’ Student Center 


§:25 a.m. 

Introduction and Welcome 

John T. Riley 

8:30 a.m 

Thermodynamics of Coal Solutions 

Thomas K. Green, James E. Ball, Maria W. Chen, and L. 
Lopez-Froedge—Western Kentucky University 

8:45 a.m. 

The Modeling of Vapor Sorption by Coal Extracts with 
the Aid of SAS 

J. M. Chamberlin, Thomas K. Green, and L. Lopez- 
Froedge—Western Kentucky University 

9:00 a.m 

Gum Formation in High Performance Aircraft Fuels 

William D. Schulz—Eastern Kentucky University 

9:15 a.m. 

Identification of Insoluble Compounds in Thermally 
Stressed Aircraft Fuel 

William D. Schulz—Eastern Kentucky University 

9:30 a.m. 

Form of Occurrence of Chlorine in Coal 

Frank Huggins and G. P. Huffman—University of Ken- 
tucky 

9:45 a.m. 

Estimation of Ash Fusion Temperatures from Elemental 
Compositional Data 

W. G. Lloyd, J. T. Riley, S. R. Gilliland, M. A. Risen, and 
R. L. Tibbits—Western Kentucky University 

10:15 am. 

Coffee Break 

10:30 a.m. 

Modeling Ash Fusion Characteristics from Elemental 
Analysis 

Scott R. Gilleland, Rick L. Tibbits, Zhou Shiyong, and John 
T. Riley—Western Kentucky University 

10:45 a.m. 

Distribution of Sulfur in Ashes from Coal Blends 

Rick L. Tibbitts, Mark A. Risen, Scott R. Gilleland, and 
John T. Riley—Western Kentucky University 

11:00 a.m. 

Recovery of Fine Coal from Refuse Using Column Flo- 
tation 

J. G. Groppo and B. K. Parekh—Center for Applied En- 
ergy Research 
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11:15 a.m. 

Isotope Studies of the Role of Hydrogen During Coal Liq- 
uefaction Using Donor and Non-donor Solvents 

Hossein A. Dabbagh and Burtron H. Davis—Center for 
Applied Energy Research 

11:30 a.m, 

Preparation of a Colloidal Hydrotreatment Catalyst for 
Coal Liquefaction 

Diane R. Milburn, Bruce D. Adkins, and Burtron H. Davis— 
Center for Applied Energy Research 

11:45 a.m, 

Distribution of Organic Sulfur in Raw and DMF-Extracted 
Coals 

John T. Riley, Mingshe Zhu, Robert F. Forsythe, Harold 
D. Graham, and Scott R. Gilleland—Western Kentucky 
University 

12:00 a.m. 

Infrared Laser Pyrolysis of Coal 

Earl F. Pearson—Western Kentucky University 

1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 


Session II-A—William D. Schulz, Presiding 
Room 245—Old” Student Center 


2:00 p.m. 

New Methods for Increasing Precision in Kinetic Methods 
of Analysis 

S. A. Engh and F. J. Holler—University of Kentucky 

2:15 p.m. 

A Study of Manganese and Iron in Northern and Middle 
Kentucky Reservoir Sediments, Benthic Waters, and 
Mussels 

Scott E. Babbs, James B. Sickel, Leon Duobinis-Gray, Wil- 
liam E. Maddox, and David A. Owen—Murray State 
University 

2:40 p.m. 

Spectral and Kinetic Studies of Cobalt (I) Phthalocyanine 
in DMSO 

Michael R. Clark and Robert D. Farina—Western Ken- 
tucky University 

2:55 p.m. 

An Inexpensive Differential Thermometer for Measuring 
the Joule-Thomson Coefficient 

Wade Cain—Morehead State University 

3:10 p.m. 

Poly(chlorotrifluoroethylene) Composite Electrodes: Re- 
cent Developments 

Jeffrey E. Anderson, John W. Shadrick, and Ren Yee— 
Murray State University 

3:25 p.m. 

Fluorescence Studies of Laser Vaporized Al2 and AlCu 


M. F. Cai, K. Pak, T. P. Dzugan, and V. E. Bondybey— 
Cumberland College and The Ohio State University 

3:45 p.m. 

Coffee Break 

4:00 p.m. 

Proton Inventories of the Hydrolyses of 4-Fluoroquinal- 
dine and 2-Fluoro-1-Methylpyridinium Iodide 

O. J. Muscio, Jr. and J. Meng—Murray State University 

4:15 p.m. 

Approaches to the Formation of a Bis- Vinylidene Complex 
of Tungsten 

Anne K. McMullen and John P. Selegue—University of 
Kentucky 

4:30 p.m. 

A Quantitative Study of Chlorinated High Density Poly- 
ethylene Using Thermogravimetric Analysis—Gas 
Chromatography 

Keith B. Bradfield, Michele J. Whiteley, Charles Pareigis, 
and Wei-Ping Pan—Western Kentucky University 

4:45 p.m. 

Comparison of the Behavior of Slurries and Solutions in 
the ICP 

Chuenyuan Chen and T. W. McCreary—Murray State 
University 

5:00 p.m. 

Synthesis and Characterization of Ferroceny] Stabilized 
Metal Allenylidene Complexes 

George A. Koutsantonis and John P. Selegue—University 
of Kentucky 


Session III-B 


Microscale Organic Chemistry Symposium 
Robert W. Holman, Presiding 
Theater— “Old” Student Center 


2:00 p.m. 

Opening Remarks 

R. W. Holman—Western Kentucky University 

2:05 p.m. 

Commercial Options in Microscale Organic Chemistry: 
Glassware, Books, and Software 

T. Green—Western Kentucky University 

2:20 p.m. 

The Development of the Microscale Program at the Uni- 
versity of Kentucky 

J. P. Richard—University of Kentucky 

2:35 p.m. 

Variations-on-the-Theme: Microscale Organic Chemistry 
at Western Kentucky University 

R. K. Hessley—Western Kentucky University 

2:50 p.m. 

Microscale Organic Chemistry I: An Overview from WKU 

S. Bosch and R. W. Holman—Western Kentucky Univer- 
sity 
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Friday, 17 November 


3.05 p.m. 

A Direct Comparison of Organic Laboratory Techniques: 
Microscale vs. Macroscale 

L. Hayes and R. W. Holman—Western Kentucky Uni- 
versity 

3:20 p.m 

A Comparison of Micro- and Macroscale Experiments for 
Organic Chemistry Lab II 

J. Reasoner—Western Kentucky University 

3:35 p.m. 

An Overview of Microscale Synthetic Experiments That 
Are Impractical at the Macroscale 

R. Bauvais and R. W. Holman—Western Kentucky Uni- 
versity 

3:50 p.m. 

Approaching Microscale Organic Experiments 

G. R. Franzen—Thomas More College 


Saturday, 18 November 


8:00 a.m 
KAS Annual Business Meeting 


Session IV—William D. Schulz, Presiding 
Room 245—‘‘Old” Student Center 


9:00 a.m. 

The Effect of alpha-Substituents on the Kinetic and Ther- 
modynamic Stability of 4-Methoxybenzyl Carbocations 

Tina L. Amyes, John P. Richard, and Tomas Vontor— 
University of Kentucky 

9:25 a.m. 

Assay Technique for Octopamine in Cockroach Brains 

Liria Morrell, Darwin Dahl, Blaine Ferrell, and Gail Mil- 
ler—Western Kentucky University 

9:45 a.m. 

Chemistry Section Business Meeting: Election of Officers 

10:00 a.m. 

Synthesis and Reactions of 1-(4-Methoxyphenyl)-1-(Tri- 
fluoromethyl)-2,2,2-Trifluoroethyl Tosylate and Bro- 
mide 

Vernon Stubblefield—Eastern Kentucky University, and 
John Richard—University of Kentucky 

10:20 a.m. 

Theoretical Studies of Molecules on Metal Surfaces I. Site 
Stability and Vibrational Frequencies of CO on Ni(111), 
Ni(110), and Ni(100) 

Robert Maruca, Theresia Kusuma, Vernon Hicks, and Au- 
drey Companion—University of Kentucky 

10:40 a.m. 

Laser-induced Nitrations of Cyclic Hydrocarbons 

A. E. Stanley, S$. E. Godbey, L. M. Ludwick, and D. E. 
Andrews—Eastern Kentucky University 


GEOGRAPHY SECTION 


James L. Davis, Chairperson 
Wilford A. Bladen, Secretary 
Room 117—‘Old” Student Center 


Friday, 17 November 


James L. Davis, Presiding 


9:00 a.m. 

Geographers and Geographic Thinking in the Kentucky 
Academy of Science Since 1914—A Review of People, 
Papers, and Publications Involved in KAS 

William A. Withington—University of Kentucky 

9:15 a.m 

Land use in Russellville, Kentucky: Toward the Year 2000 

Wayne L. Hoffman, Thomas A. Tweddell, and Peter E. 
Erlenbach—Western Kentucky University 

9:30 a.m 

Another Migration Reversal for Appalachian Kentuckians? 

Wilma J. Walker—Eastern Kentucky University 

9:45 a.m 

A Spatial Analysis of the Trucking Industry in Bowling 
Green, Kentucky 

Gary W. Mathis and James L. Davis—Western Kentucky 
University 

10:00 a.m 

Coffee Break 


10:15 a.m. 

Changing Patterns of International Students: NKU and 
the Nation 

Edwin T. Weiss, Jr—Northern Kentucky University 

10:30 a.m. 

Kentucky’s Tourist and Travel Industry, 1981 and 1988: 
A Spatial Analysis 

James M. Bingham and Wayne L. Hoffman—Western 
Kentucky University 

10:45 a.m. 

Land Tenure: Connectivity and Distanciation in South- 
eastern Kentucky 

Patrick H. McHaffie (sponsored by Wilford A. Bladen)— 
University of Kentucky 

11:00 a.m. 

Onsite Sewage Disposal Systems in the Karst Areas of Ken- 
tucky 

Nicholas C. Crawford—Western Kentucky University 

11:15 a.m. 

Growth and Change in the Lexington Area of Central 
Kentucky 

Wilford A. Bladen—University of Kentucky 

11:30 a.m, 

Mississippi Delta Chinese: Deliberate Race Change 

Mark Lowry II—Western Kentucky University 
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11:45 a.m. 

Effects of Bedrock Materials on Mountain Stream For- 
mations 

Adrian Wasserman—Fastern Kentucky University 

1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 

2:00 p.m. 

Report from the State Geographer 

Stanley D. Brunn—University of Kentucky 

2:15 p.m. 

Election of Sectional Officers 

2:20 p.m. 

The Dynamics of Physician Distribution in Ohio 

Stuart A. Foster—Western Kentucky University 

2:35 p.m. 

Spatial and Temporal Variability of Precipitation in Ken- 
tucky 

David A. Howarth—University of Louisville 

2:50 p.m. 

Coffee Break 

3:05 p.m. 

Barometric Pressure and Automobile Accident Frequency 
in Bowling Green, Kentucky 

L. Michael Trapasso and Anthony A. Fugate—Western 
Kentucky University 

3:20 p.m. 

The Geography of Housing: Bowling Green A Case Study 

Albert J. Petersen, Jr—Western Kentucky University 

3:35 p.m. 

A Three Dimensional View of Kentucky Drought 

Glen Conner—Western Kentucky University 

3:50 p.m. 

The Michigan Field Camp at Mill Springs, Kentucky 

Raja Banerji (sponsored by Wilford A. Bladen) —Univer- 
sity of Kentucky 

4:05 p.m. 

After the Concrete Sets: Relocation of the Kentucky Na- 
tional Guard after Reconstruction of I-65 

John R. Knight (sponsored by James L. Davis)—Western 
Kentucky University 

4:20 p.m. 

Preservation and Reforestation: Opportunities Provided by 
Kentucky’s Comprehensive Planning Process 

Conrad T. Moore—Western Kentucky University 

4:35 p.m. 

“DRASTIC” Assessment of Groundwater Pollution Vul- 
nerability in Warren County, Kentucky 

James Smith and Nicholas Crawford—Western Kentucky 
University 


GEOLOGY SECTION 


Charles T. Helfrich, Chairperson 
Gary L. Kuhnhenn, Secretary 
Room 115—“Old” Student Center 


Friday, 17 November 


1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 

Gary L. Kuhnhenn, Presiding 

2:15 p.m. 

Geology of Roof Falls in Kentucky Coal Mines 

Stephen F. Greb (sponsored by Donald R. Chesnut, Jr.)— 
Kentucky Geological Survey 

2:30 p.m. 

Plant Spores Agglutinated to Middle Silurian Foraminifera 
from Kentucky and Southern Indiana 

Anne V. Noland—University of Louisville 

2:45 p.m. 

Convoluted Beds in the Ordovician Lexington Limestone- 
Seismites? 

Nicholas Rast and Stephen O. Moshier—University of 
Kentucky 

3:00 p.m. 

The First Report of the Lower Carboniferous Ammonoid 
Genus Eurites Found in the Continental United States 
from Madison County, Kentucky 

Charles E. Mason, Robert T. Cordray!, and James Sim- 
mons—Morehead State University 

3:15 p.m. 

A Preliminary Liquefaction-Susceptibility Map for The 
Louisville Metro Area 

Hamid Esmaeelzadeh! and Jafar Hadizadeh—University 
of Louisville 
3:30 p.m. 

Quantitative Analysis of Carbonate Minerals: A Compar- 
ison of Analytical Techniques 

Thomas R. Lierman and Steven W. Knipp! (sponsored by 
Charles E. Mason)—Morehead State University 

3:45 p.m. 

A Portable Downhole Packer Device for Shallow Bedrock 
Wells 

David R. Wunsch (sponsored by Donald R. Chesnut, Jr.)— 
Kentucky Geological Survey 

4:00 p.m 

Typical Stratigraphic Entrapment in Southern Illinois 

John Avila—Ashland Exploration, Inc. 


4:15 p.m.—Election of Sectional Officers 


' Student presented paper. 
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Saturday, 18 November 


8:00-9:00 a.m 

Annual Business Meeting 

9:00 a.m 

Coffee Break 

9:15 a.m 

Structural Control on Deposition of the Louisville Lime- 
stone (Silurian), West-Central and Western Kentucky 

Daniel J. Phelps! (sponsored by Frank R. Ettensohn)— 
University of Kentucky 

9:30 a.m 

The Kentucky Coal Resources Information System: A 
Wealth of Data for Coal in the Commonwealth 

Bart Davidson (sponsored by Donald R. Chesnut, Jr.)— 
Kentucky Geological Survey 

9:45 a.m 

Sedimentation Patterns in the Caseyville Formation of 
Western Kentucky, Eastern Interior Basin 

Stephen F. Greb (sponsored by Donald R. Chesnut, Jr.)— 
Kentucky Geological Survey 

10:00 a.m. 

Reinterpretation of the Mississippian-Pennsylvanian Sys- 
temic Boundary at Cumberland Gap 

Claude S. Dean, John D. Vanover, and Roy C. Kepferle— 
Eastern Kentucky University 

10:15 a.m 

Constraints on the Emplacement and Uplift History of the 
Pine Mountain Thrust Sheet, Eastern Kentucky: Evi- 
dence from Coal Rank Trends 

Kieran D. O'Hara, James C. Hower, and Susan M. Rimmer 
(sponsored by Frank R. Ettensohn)—University of Ken- 
tucky 

10:30 a.m. 

Possible Flexural Models for Ordovician Sedimentation in 
the Appalachian Basin 

Frank R. Ettensohn—University of Kentucky 

10:45 a.m. 

Diversity of Lower and Middle Pennsylvanian Facies Along 
Kentucky Highway 80 in Laurel and Pulaski Counties, 
Eastern Kentucky 

Stephen F. Greb and Donald R. Chesnut, Jr.—Kentucky 
Geological Survey 


Puysics SECTION 


Raymond C. McNeil, Chairperson 
Jack Wells, Secretary 
Room 113—‘Old” Student Center 


Friday, 17 November 


8:00 a.m. 

Analysis of Fluorescence Depolarization in Lipid Aggre- 
gates 

Mark D. Deweese and B. Wieb Van Der Meer—Western 
Kentucky University 


8:15 a.m 

Orientation Effects in Fluorescence Energy Transfer 

Jeffery A. Travelstead and B. Wieb Van Der Meer—West- 
ern Kentucky University 

8:30 a.m 

Piezoreflectance and Photoreflectance as Methods of Semi- 
conductor Materials Characterizations 

Kevin Hargrave, Mark Deweese, Matthew Raymer, and 
Randall Harper, Jr.—Western Kentucky University 

9:00 a.m. 

Structured Programming Environment for Scientific Ap- 
plications: Astronomical Observation and Analysis 

Brian Combs, Daniel Duffy, Richard Hackney, and Karen 
Hackney—Western Kentucky University 

9:15 a.m 

Coffee Break 

9:30 a.m 

A Comprehensive Computer-assisted Astronomical Pho- 
tometry System at WKU Astronomical Observatory 

Daniel Duffy, Richard Hackney, Karen Hackney, and 
Roger Scott—Western Kentucky University 

9:45 a.m. 

Optimum Reduction of All-sky UBV Photoelectric Pho- 
tometry 

Melissa Smith, Richard Hackney, Karen Hackney, and 
Roger Scott—Western Kentucky University 

10:00 a.m 

Instrumental Characterization of the Starlight-1 Photom- 
eter 

Shane Arnold, Daniel Duffy, Richard Hackney, and Karen 
Hackney—Western Kentucky University 

10:15 a.m 

Motions and Music: A Many Faceted Educational Plane- 
tarium Presentation 

Roger L. Scott and Paul B. Campbell—Western Kentucky 
University 

10:30 a.m. 

Long Path Interferometry to Measure Trace Gases in Air 

Chip Nixon and Marshall Wilt—Centre College 

10:45 a.m. 

Physics on the Move, or, Have Physics Will Travel 

Lester Evans—Kentucky Department of Education 

11:00 a.m. 

Simulation of Minimum Energy Microclusters 

Sarah Horan—Murray State University 

11:15 a.m. 

Separation of Solid-like Microclusters of Same Species 

Tom Hines—Murray State University 

1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 

2:15 p.m. 

Hubble—The Man and the Myth 

Joel Gwinn and John Hale—University of Louisville 
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2:30 p.m. 

Michigan AAPT Section Organization and Practices 

Alan E. VanAntwerp—Alice Lloyd College 

2:45 p.m. 

A Simple Demonstration of Weightlessness in Freefall 

James Brent Napier and Alan E. VanAntwerp—Alice Lloyd 
College 

3:00 p.m. 

Flux Pinning and Magnetic Levitation 

P. J. Ouseph—University of Louisville 

3:15 p.m. 

Isospin Effects on Elastic Scattering in the Mass-50 Region 

C. E. Laird, David Sousa, and Gerald Calkin—Eastern 
Kentucky University, and Fletcher Gabbard—Univer- 
sity of Kentucky 

3:30 p.m. 

Proton-induced Reaction in 49Ti 

Jack Scott, Jr., C. E. Laird, David Sousa, and Gerald Cal- 
kin—Eastern Kentucky University, and Fletcher Gab- 
bard—University of Kentucky 

3:45 p.m. 

Demonstrations: Some New, Some Borrowed 

Joseph P. Straley—University of Kentucky 


SCIENCE EDUCATION SECTION 


Michael N. Howard, Chairperson & Secretary 
Room 307—“Old” Student Center 


Thursday, 16 November 


1:00 p.m. 

ICE was Nice! A report of the Institute of Chemical Ed- 
ucation’s Chemical Instrumentation Workshop 

Steve Zimmer—Warren East High School, Bowling Green 

1:20 p.m. 

ChemCom as a College Chemistry Course 

Curtis C. Wilkins—Department of Chemistry, Western 
Kentucky University 

1:40 p.m. 

The Liebig Laboratory/Museum at Giessen, West Ger- 
many 

Norman Hunter—Department of Chemistry, Western 
Kentucky University 


PsYCHOLOGY SECTION 


Jack G. Thompson, Chairperson 
Mike Bardo, Secretary 
Room 309—‘“Old” Student Center 


Thursday, 16 November 


1:00 p.m. 

Relationship Between Childhood Attachment to Inani- 
mate Objects and Insecurity in Adulthood 

Melissa K. Runyon—Eastern Kentucky University (spon- 
sored by William H. Watkins) 


1:15 p.m. 

The Development and Standardization of a Resistance to 
Change Measure 

Marcia H. Ford—Murray State University (sponsored by 
Terry R. Barrett) 

1:30 p.m. 

Differences in Parenting Techniques of Parents of Delin- 
quents and Non-delinquents 

Lisa Klingel—Eastern Kentucky University (sponsored by 
William H. Watkins) 

1:45 p.m. 

Sex Differences in Pay Expectations and Their Possible 
Causes 

Wendolyn M. Martin—Murray State University (spon- 
sored by William H. Watkins) 

2:00 p.m. 

Coffee Break 

2:15 p.m. 

Gender Role Differences in the Display of Nonverbal Be- 
haviors 

Leah Hackel—Murray State University (sponsored by Ter- 
ry R. Barrett) 

2:30 p.m. 

Sexual Attitudes and Behaviors in a Group of Women 65 
and Older 

Anne Benning—Fastern Kentucky University (sponsored 
by Denise Davidson) 

2:45 p.m. 

Is Pornography Related to Sexual Crimes? 

Christi Perry—Murray State University (sponsored by Ter- 
ry R. Barrett) 

3:30-5:00 p.m 

Plenary Session: The Early Kentucky Academy, and Shap- 
ing the Scientific Enterprise—1914-1989 

Worsham Theater, Student Center Addition 


Friday, 17 November 


9:00 a.m. 

College Students’ Perceptions and Misperceptions of AIDS 
Risk 

A. Marie Carney and Mykol Hamilton—Centre College 

9:15 a.m. 

Skills Intervention and Knowledge vs. Knowledge Alone 
in AIDS Education 

Elizabeth Phelps—Murray State University (sponsored by 
Terry R. Barrett) 

9:30 a.m. 

Employees’ Perceived Fairness of Organizational Drug 
Testing Programs: Its Determinants and Effects 

Susan Miller Burgess and B. Wayne Rockmore—Murray 
State University (sponsored by Terry R. Barrett) 

9:45 a.m. 

The Development of Learned Food Aversion in Humans: 
Investigation in a “Natural Laboratory” 
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Mindy L. Otis and Michael A. Andrykowski—University 
of Kentucky 

10:00 a.m. 

Coffee Break 

10:30 a.m 

The Effect of Competitive Stress and Fatigue on Learning 
Performance 

Bart T. Parnall—Murray State University (sponsored by 
Terry R. Barrett) 

10:45 a.m 

The Relationship of Stress, Anxiety, and Achievement 

Robert E. Simpson—Western Kentucky University 

1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 

2:15 p.m 

Alcohol Abuse Among Junior High School Students in Ru- 
ral South Central Kentucky 

Sylvia Harris—Eastern Kentucky University (sponsored by 
William H. Watkins) 

2:30 p.m, 

A Study of Self-control Strategies with Regard to Alcohol 
Consumption 

Matt Vowels—Murray State University (sponsored by Ter- 
ry R. Barrett) 

2:45 p.m. 

The Relationship Between Juvenile Play and Adult Ag- 
gressive Behavior in Rats 

Rhonda J. Zimmer—Murray State University (sponsored 
by Terry R. Barrett) 


3:00 p.m 

Effects of Forced Exercise on Body Weight Maintenance 
and Voluntary Exercise in Rats 

Rhonda J. Zimmer—Murray State University (sponsored 
by Terry R. Barrett) 


3:15 p.m. 

Coffee Break 

3:30 p.m. 

Effect of Apomorphine on Novelty-seeking Behavior in 
Rats 

Margaret Lacy, Bruce A. Mattingly, and Michael T. 
Bardo—University of Kentucky and Morehead State 
University 

3:45 p.m 

Chronic Treatment with Apomorphine Alters Locomotor 
Behavior and Dopamine Neurotransmission 

James K. Rowlett, Bruce A. Mattingly, and Michael T. 
Bardo—University of Kentucky and Morehead State 
University 

4:00 p.m. 

Behavioral Consequences of Neonatal Brain Transplants 
After Removal of Hippocampus 

Lynda Lueas and Arthur J. Nonneman—University of 
Kentucky 


Saturday, 18 November 


8:30 a.m. 

The Relationship of Body Image to Self-esteem and Shy- 
ness 

Sara Alexander, Regina Phillips, and Jack Thompson— 
Centre College 

8:45 a.m 

The Influence of Negative Effect on Creative Problem 
Solving 

Stacy L. Winstead—Murray State University (sponsored 
by Terry R. Barrett) 

9:00 a.m 

Problem Solving and Creativity in College Students 

Michael Jones and Don Brown—Centre College 

9:15 a.m 

Mental Rotation in Hallucinators and Nonhallucinators 

Angela Couch—Murray State University (sponsored by 
Terry R. Barrett) 

9:30 a.m 

Verbal Hallucinations in Normal Adults: The Storage and 
Maintenance of Sensory Information 

Terry R. Barrett—Murray State University (sponsored by 
Jack Thompson) 

9:45 a.m 

Coffee Break 

10:00 a.m. 

Relationship Between Personality and Progress in a Self- 
paced Computer Course: A Replication 

David M. Carscaddon and Frank H. Osborne—Cleveland 
County Mental Health Center in Shelby, North Carolina 
and Morehead State University 

10:15 a.m. 

Abstract Reasoning Abilities and Verbal Hallucinations in 
Normals 

Chris Duis—Murray State University (sponsored by Terry 
R. Barrett) 

10:30 a.m. 

Attention Deficits and Verbal Hallucinations as a Result 
of Imagery 

Davis Sisk—Murray State University (sponsored by Terry 
R. Barrett) 

10:45 a.m. 

Evaluation of a Group-administered Paper and Pencil Test 
of Piagetian Development in a College Population 

Alan W. Hounshell and Frank H. Osborne—Morehead 
State University 

11:00 a.m. 

The Relationship of Piagetian Development and Achieve- 
ment in an Introductory Psychology Course 

Katrina R. Lewis and Frank H. Osborne—Morehead State 
University 
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SOCIOLOGY SECTION 


Amiya Mohanty, Chairperson 
J. Allen Singleton, Secretary 
Room 363—‘“Old” Student Center 


Friday, 17 November 


1:00-2:00 p.m. 

Plenary Session: The Early Kentucky Academy, and Shap- 
ing the Scientific Enterprise—1914-1989 

Worsham Theater, Student Center Addition 

2:15 p.m. 

Two Hundred Years of Highways in Kentucky—1789- 
1989 

J. A. Singleton—Eastern Kentucky University 

2:30 p.m. 

Evolution of Voluntary Associations from Religious Guild 
to Neighborhood Association: Amsterdam’s Civic Guard 
in the 17th Century 

Tom Boyd—Berea College 

2:45 p.m. 

Emotional Effects of Child Abuse 

Claire M. Porter—Eastern Kentucky University (spon- 
sored by Amiya Mohanty) 

3:00 p.m. 

Section Business Meeting 

3:15 p.m. 

Sociology of Emile Durkheim 

James Parks—Eastern Kentucky University (sponsored by 
Amiya Mohanty) 

3:30 p.m. 

Assimilation: A Revealing Journey Through the Literature 

Dan S. Green—Kentucky State University 

3:45 p.m. 

Biculturalism: Factors in Oriental and Hispanic Successes 

Raymond J. Lewis—Eastern Kentucky University (spon- 
sored by J. Allen Singleton) 

4:00 p.m. 

Attitude Towards Marriage and Marital Plans of College 
Students 

Amiya K. Mohanty—Eastern Kentucky University 


ZOOLOGY AND ENTOMOLOGY SECTION 


Robert J. Barney, Chairperson 
John D. Sedlacek, Secretary 
Room 230—Student Center Addition 


Thursday, 16 November 


1:00 p.m. 

Modification of Manduca sexta Flight Activity by N-For- 
my] Loline from Endophyte-Infected Tall Fescue 

D. L. Dahlman and K. F. Quick—University of Kentucky 

1:15 p.m. 

Physiological Activities of Microplitis croceipes Terato- 
cytes from an in vitro System 


Deqing Zhang and D. L. Dahlman—University of Ken- 
tucky 

1:30 p.m. 

Can Tall Fescue Alkaloids be Octopaminergic? 

Herbert Eichenseer and Douglas Dahlman—University of 
Kentucky 

1:45 p.m. 

Daily Variation in Brain Octopamine Concentration in the 
Cockroach, Leucophaea maderae 

Blaine R. Ferrell, Gail Miller, Darwin B. Dahl, and Liria 
G. Morrell—Western Kentucky University 

2:00 p.m. 

Habitat Use by the Stream-Dwelling Mayfly, Paralepto- 
phlebia guttata 

Samantha H. Messier and Joseph R. Holomuzki—Tran- 
sylvania University 

2:15 p.m. 

Biological Control of Musk Thistle (Carduus nutans) in 
Kentucky 

K. L. Hensley, L. H. Townsend, J. C. Parr, and J. D. 
Green—University of Kentucky 

2:30 p.m. 

Effect of the Maize Weevil and Various Management Tac- 
tics on Fungi in Stored Corn 

B. D. Price, J. D. Sedlacek, R. J. Barney, and M. Siddiqui— 
Kentucky State University 

2:45 p.m. 

Effect of Several Management Tactics on Adult Maize 
Weevil Mortality and Progeny Production in Stored Corn 

J. D. Sedlacek, R. J. Barney, B. D. Price, and M. Siddiqui— 
Kentucky State University 

3:00 p.m. 

Coffee Break 

3:30-5:00 p.m. 

Plenary Session: The Early Kentucky Academy, and Shap- 
ing the Scientific Enterprise—1914—1989 

Worsham Theater, Student Center Addition 


Friday, 17 November 


8:00 a.m. 

Unionids of the Mississippi River and Direct Tributaries, 
Gulf Coast Plain, Kentucky 

Ronald R. Cicerello—Kentucky State Nature Preserves 
Commission, and Wendell R. Haag—Ohio State Uni- 
versity 

8:15 a.m. 

Community Structure in a Headwater Stream: The Influ- 
ence of Physical-Chemical Factors 

Terry M. Short—University of Kentucky 

8:30 a.m. 

Distribution of the Crayfish Cambarus (Jugicambarus) 
batchi Schuster 

Paula R. Burch and Guenter A. Schuster—Eastern Ken- 
tucky University 
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8:45 a.m 

Adult Discrimination and Larval Interactions Between 
Three Braconid Parasites of the Green Cloverworm 

Matthew E. Baur and Kenneth V. Yeargan—University 
of Kentucky 

9:00 a.m 

Responses of the Salamanders, Plethodon richmondi and 
Desmognathus ochrophaeus, to Odors of the Ringneck 
Snake, Diadophis punctatus 

Paul V. Cupp, Jr.—Eastern Kentucky University 

9:15 a.m 

Coffee Break 


9:30 a.m. 

Survival Rate and Spatial Distribution of Hatchling Fat- 
head Minnows (Pimephales promelas) Exposed to Two 
Species of Predaceous Dragonfly Larvae (Odonata) 

Lisa S. Whitt—University of Kentucky 

9:45 a.m 

Artificial Sea Water Culture of an Estuarine Fish, Atlantic 
Tomcod, in Kentucky 

Susan M. Cormier and Richard N. Racine—University of 
Louisville 

10:00 a.m. 

Identifying Aquaculture Producers in Kentucky 

Rodney Dempsey, Darick Anderson, and Marion Simon— 
Kentucky State University 

10:15 a.m 

Growth and Compatibility of Paddlefish Overwintered in 
Monoculture and Polyculture 

Steven D. Mims and Julia A. Clark—Kentucky State Uni- 
versity 

10:30 a.m. 

Coffee Break 


10:45 a.m. 
Density and Feed Regime Effects and Interactions in 
Overwintering Channel Catfish Ictalurus punctatus 
James H. Tidwell and Steven D. Mims—Kentucky State 
University 

11:00 a.m. 

Evaluation of Probiotic in Channel Catfish Ictalurus punc- 
tatus With and Without Antibiotic Pre-Treatment 

Vicki A. Tidwell, Danny H. Yancey, and James H. Tid- 
well—Kentucky State University 

11:15 a.m. 

Growth and Resource Use Among Largemouth and Small- 
mouth Bass in the Shenandoah River, Virginia 

Mike Martin—University of Kentucky, and Jeff Miner— 
Ohio State University 

11:30 a.m. 

The Caddisflies of the Buck Creek Drainage, Pulaski Coun- 
ty, Kentucky 

Michael A. Floyd—Clemson University, and Guenter A. 
Schuster—Eastern Kentucky University 

11:45 a.m. 

Election of Section Officers 


1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 

2:00 p.m. 

Flying Squirrel (Glaucomys volans) Use of Nest Boxes in 
Kentucky 

Daniel Dampier, Charles L. Elliott—Eastern Kentucky 
University, and Jeff Sole—Kentucky Department of Fish 
and Wildlife Resources 

2:15 p.m. 

Probability of Non-Specific Captures During Nuisance 
Beaver (Castor canadensis) Trapping 

Gary J. Roloff—Eastern Kentucky University 

2:30 p.m 

Habitat Use and Abundance of the Cottontail Rabbit (Syl- 
vilagus floridonus) in Kentucky 

William M. Giuliano, Charles Elliott—Eastern Kentucky 
University, and Jeff Sole—Kentucky Department of Fish 
and Wildlife Resources 

2:45 p.m. 

The Flight Song of Common Yellowthroats: Description 
and Possible Function 

Gary Ritchison—Eastern Kentucky University 

3:00 p.m. 

Preliminary Morphometric Mussel Shell Data from Musk- 
rat (Ondatra zibethicus) Middens in the Licking River, 
Bath County, Kentucky 

Michael Kane and Guenter Schuster—Eastern Kentucky 
University 

3:15 p.m. 

A Preliminary Analysis of a Freshwater Mussel Commu- 
nity in Licking River, Bath County, Kentucky 

K. L. Smathers and Guenter Schuster—Eastern Kentucky 
University 

3:30 p.m. 

Coffee Break 

3:45 p.m. 

Behavioral Responses of Planaria (Phagocota gracilis) to 
Predators, Food, and Illumination (day/night) 

Milton W. Riley—University of Kentucky 

4:00 p.m. 

Comparative Thermophysiology of Two Synoptic, Desert 
Grassland Cicadas, Cacama valvata and Tibicen bifida 

Jon Hastings—Northern Kentucky University 

4:15 p.m. 

Summer Populations (1989) of the Endangered Gray Bat 
(Myotis grisescens) in Kentucky 

John R. MacGregor—Kentucky Department of Fish and 
Wildlife Resources, William D. Hendricks and Leland 
R. Alverson—Murray State University 


4:30 p.m. 

The Summer Haunts of the Virginia Big-Eared Bat in 
Kentucky 

Sharon K. Blackwelder—Eastern Kentucky University, 
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Barbara Graham—Miami University, John R, Mac- 
Gregor and David C. Yancey—Kentucky Department 
of Fish and Wildlife Resources 

4:45 p.m. 

Blarina in Bottles: A Six Pack of Shrews 

Hal D. Bryan—Kentucky Transportation Cabinet, and John 
R. MacGregor—Kentucky Department of Fish and 
Wildlife Resources 


Saturday, 18 November 


8:00 a.m. 

Annual Business Meeting (Coffee and Doughnuts) 

9:00 a.m. 

Predation of Orius insidiosus (Say) on Heliothis zea (Bod- 
die) Eggs and Tetranychus urticae (Koch) at Different 
Temperatures 

Prizatiningsih and Kenneth V. Yeargan—University of 
Kentucky 

9:15 a.m. 

The Microlepidoptera of Kentucky: What We Know and 
How, 1871-1989 

Charles V. Covell—University of Louisville 
9:30 a.m. 

Behavioral Shifts by Female Waterstriders in Response to 
Single Males 

William Leopold'—Eastern Kentucky University, James 
Krupa, and Andrew Sih—University of Kentucky 

9:45 a.m. 

Photoperiod and the Induction of Diapause in the Dam- 
selflies Ischnura posita and Enallagma signatum 

Tia Twaddell'—Kentucky State University, and Philip 
Crowley—University of Kentucky 

10:00 a.m. 

Rubbing in the Fathead Minnow (Pimephales promelas) 

Lisa Cox! and R. Craig Sargent—University of Kentucky 

10:15 a.m. 

Experimental Studies on Prey Behavioral Response to 
Predatory Sunfish 

Karen Thompson'—Eastern Kentucky University, and 
Andrew Sih—University of Kentucky 

10:30 a.m. 

Coffee Break 

10:45 a.m. 

Patterns of Egg Survival in the Fathead Minnow 

Elaine Meng! and R. Craig Sargent—University of Ken- 
tucky 

11:00 a.m. 

Growth and Shrinkage of the Planarian Phagocata gracilis 
at Different Food Levels 

Ann Freytag!—Centre College, Milton Riley, and Philip 
Crowley—University of Kentucky 


‘Indicates NSF-REU Program participant. 


11:15 a.m, 

Is your Underwear an Environmental Hazard?: A Brief 
Examination of the Conflict Between Corporate and 
Environmental Interests in Kentucky 

Tonya Foreman! and Michael Barton—Centre College 

11:30 a.m. 

Effect of Salinity on Oxygen Consumption in Two Species 
of Freshwater Fishes 

Conrad Toepfer! and Michael Barton—Centre College 

11:45 a.m. 

The Behavioral Responses of Two Species of Prey to the 
Presence or Absence of a Predator in an Aquatic System 

R. V. Myers II' and Christine K. Barton—Centre College 


COMPUTER SCIENCE SECTION 


Richard Rink, Chairperson 
Art Shindhelm, Secretary 
Room 205a— Old” Student Center 


Friday, 17 November 


8:00 a.m. 

Knowledge-based Systems for Agriculture 

Patricia M. Dillon and H. P. Raney—S-225 Agricultural 
Science Center, North, University of Kentucky, Lex- 
ington, KY 40546 

9:00 a.m. 

Computer Graphics and Animal Viral Replication Mech- 
anisms 

Modesto del Castillo—Elizabethtown Community Col- 
lege, Elizabethtown, KY 42701 

9:30 a.m. 

Computer Controlled Programmable D/A Signal Gener- 
ator 

Donald Jackson and John Tarvin—Department of Physics 
& Astronomy, Murray State University, Murray, KY 
42071 (sponsored by Art Shindhelm, Western Kentucky 
University) 

10:00 a.m. 

Introduction to Models for Parallel Computation 

Alan Smothers, Computer Science Department, Western 
Kentucky University, Bowling Green, KY 42101 (spon- 
sored by Art Shindhelm, Western Kentucky University) 

10:45 a.m, 

Some Experiments with ITP 

Art Shindhelm—Computer Science Department, Western 
Kentucky University, Bowling Green, KY 42101 

11:00 a.m. 

Determining Strategies for the Game “Master Mind” 

Charlie Franke—Math, Statistics and Computer Science 
Department, 402 Wallace, Eastern Kentucky Univer- 
sity, Richmond, KY 40475 

11:15 a.m. 

Using “Dr. Pascal” as a Teaching Tool 

Carol Wilson—Computer Science Department, Western 
Kentucky University, Bowling Green, KY 42101 
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11:30 p.m. 

Software Testing 

Tom Cheatham—Computer Science Department, West- 
ern Kentucky University, Bowling Green, KY 42101 

1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 

Room 206a—‘Old” Student Center 

2:15 p.m 

Computer Simulation with Simscript IL.5 

John Crenshaw—Computer Science Department, Western 
Kentucky University, Bowling Green, KY 42101 

2:30 p.m 

Very Large Data Bases: Issues for the College Curriculum 

Mary L. Fleming and Richard A. Rink—Math, Statistics 
and Computer Science Department, Eastern Kentucky 
University, Wallace 402, Richmond, KY 40475 

3:00 p.m 

Election of Sectional Officers 

3:15 p.m. 

Expert Systems Development with VP-Expert 

D. V. Pigford—Computer Science Department, Western 
Kentucky University, Bowling Green, KY 42101 (spon- 
sored by Art Shindhelm, Western Kentucky University) 

3:30 p.m. 

Advancements in Mass Storage Technology 

Greg Baur—Computer Science Department, Western 
Kentucky University, Bowling Green, KY 42101 (spon- 
sored by Art Shindhelm, Western Kentucky University) 

4:00 p.m. 

Bluegrass Technology Center for People with Disabilities 

Greg Drake and Jean Isaacs—1113 Bay Meadows Drive, 
Lexington, KY 40514 (sponsored by Art Shindhelm, 
Western Kentucky University and Richard Rink, East- 
ern Kentucky University) 


MATHEMATICS SECTION 


Carroll G. Wells, Chairperson 
Russel M. Brengelman, Secretary 
Room 206b—‘“Old” Student Center 


Friday, 17 November 


1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 


Session I 


2:00 p.m. 

CASE Tools 

Jean P. Houser—Maysville Community College 
2:15 p.m. 

For Most Practical Purposes 

Barry Brunson—Western Kentucky University 


2:30 p.m. 

Supercomputer Parallelization and Vectorization of Soft- 
ware for the Solution of Differential Equations 

Karin Bennett—University of Kentucky (sponsored by 
Graeme Fairweather) 

3:00 p.m 

Coffee Break 

3:15 p.m. 

Amicable Pairs of the Form (i,1) 

Patrick Costello—Eastern Kentucky University (sponsored 
by Don Ryoti) 

3:30 p.m. 

Applications of Knot Theory in Biochemistry 

Claus Ernst—Western Kentucky University (sponsored by 
Carroll Wells) 

3:45 p.m. 

Volume and Surface Area of an N-dimensional Sphere 

Nezam Iraniparast—Western Kentucky University (spon- 
sored by Barry Brunson) 

4:15 p.m. 

Symmetries of Thermodynamic Relations 

Paul L. Corio—University of Kentucky 


Saturday, 18 November 
Session II 


8:00 a.m. 

Annual Business Meeting (Coffee and Doughnuts) 

9:00 a.m. 

Multiplicity Theory and the Outer Boundary 

John Spraker—Western Kentucky University 

9:15 a.m. 

Big Max Attack (Maximum Principles) 

K. Renee Deaton—Transylvania University (sponsored by 
Ann Heard) 

9:45 a.m. 

A Study of the Principles and Techniques of Markov Chains 

Timothy A. Cook—Georgetown College (sponsored by Ann 
Heard) 

10:15 a.m. 

Coffee Break 

10:30 a.m. 

Applying a Product Theorem for Integrals 

Carroll G. Wells—Western Kentucky University 

10:45 a.m. 

A Poly-binomial Theorem 

James B. Barksdale—Western Kentucky University 

11:00 a.m. 

Understanding the Poisson Process 

Kenneth W. Fister—Georgetown College (sponsored by 
Ann Heard) 

11:30 a.m. 

Some Applications of Discrete Mathematics 

Joseph F. Stokes—Western Kentucky University 
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11:45 a.m. 

Applying a Pade Approximants Method to Multiexponen- 
tial Analysis 

Dale Baltimore, Donald Jackson, and John Tarvin—Mur- 
ray State University 

12:00 m. 

Business Meeting of the Mathematics Section 


ENGINEERING SECTION 


Dibakar Bhattacharyya, Chairperson 
Kimberly A. Ward, Secretary 
Room 231—Student Center Addition 


Friday, 17 November 
Session I 


Chaired by Dr. W. A. Gruver, Director, 
Center for Robotics and Manufacturing Systems 


8:30 a.m. 

Integrative Research in Manufacturing and Automation 

W. A. Gruver—Director, Center for Robotics and Man- 
ufacturing Systems 

8:55 a.m. 

Research Directions in Flexible Robotic Assembly 

J. P. Sadler—Department of Mechanical Engineering and 
Center for Robotics and Manufacturing Systems 

9:20 a.m. 

Custom Designed Implants and Prostheses for Correcting 
Human Anatomical and Functional Abnormalities 

Charles F. Knapp—Center for Biomedical Engineering 

9:45 a.m. 

Industrial Extension as a Tool for Increasing Manufactur- 
ing Competitiveness in Kentucky 

George Wood—Manager, Industrial Extension Division, 
Center for Robotics and Manufacturing Systems 


10:10 

Coffee Break 

10:25 a.m. 

Manufacturing/Technology Assessment: A Case Study 

Jim Waldron—Industrial Extension Engineer, Center for 
Robotics and Manufacturing Systems 

10:50 a.m. 

Simulation: Kaizen and Total Manufacturing System Im- 
provement 

Michael Sheetz—Industriala Extension Engineer, Center 
for Robotics and Manufacturing Systems 

1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 


Session II 


Chaired by Dr. Philip Reucroft 
Professor, Materials Science and Engineering, 
University of Kentucky 


2:00 p.m 

Materials Characterization Facility at the University of 
Kentucky 

A. Marzouk—Laboratory Manager, Materials Character- 
ization Facility, University of Kentucky 

2:30 p.m. 

Applications of Spectroscopy to Materials Science 

E. B. Bradley—Electrical Engineering, University of Ken- 
tucky 

2:55 p.m. 

Structural Investigations of Inorganic Constituents in Coal 
and Coal Related Materials 

N. Shah—CFFLS, University of Kentucky 

3:20 p.m. 

Coffee Break 

3:35 p.m. 

Some Structural and Internal Pore Properties of VPI-5 

M. Spencer and J. T. Schrodt—Chemical Engineering De- 
partment, University of Kentucky 

4:00 p.m. 

Scanning Tunneling Microscopy and Spectroscopy 

K. W. Ng—Physics Department, University of Kentucky 

4:25 p.m. 

Electron Microscopy of Biomaterials 

Beverly Giammara—Director, Analytical Electron Mi- 
croscopy Laboratory, University of Louisville 

4:50 p.m. 

Materials Characterization by Diffraction Methods 

R. DeAngelis—Materials Science and Engineering, Uni- 
versity of Kentucky 


HEALTH SCIENCES SECTION 


Joseph Hamburg, Chairperson and Secretary 
Room 367— “Old” Student Center 


Friday, 17 November 


1:00-2:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 

2:15 p.m. 


The Cognitive Representation of Cancer Information: Im- 
plications for Prevention 

Ronald L. Barnett, Mitzi Johnson, and Michael A. Andry- 
kowski—Department of Behavioral Science, College of 
Medicine, University of Kentucky, Lexington, KY 40536- 
0086 

2:45 p.m. 

Neuropsychological Functioning of Adult Survivors of Bone 
Marrow Transplantation (BMT) 

Michael A. Andrykowski, Ronald L. Barnett, and Mindy 
L. Otis—Department of Behavioral Science, College of 
Medicine, University of Kentucky, Lexington, KY 40536- 
0086 
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INDUSTRIAL SCIENCE SECTION 
William P. Hettinger, Jr., Chairperson 
Estel M. Hobbs, Secretary 
Club—‘Old” Student Center 
Thursday, 16 November 
1:00 p.m 


Introduction to the Industrial Science Section 

W. P. Hettinger, Jr —Ashland Petroleum Company, Ash- 
land, Kentucky 

1:15 p.m 

Safeguarding Industrial Research Information in Ken- 
tucky 

R. C. Willson, Jr —Ashland Petroleum Company, Ashland, 
Kentucky 


Session I 


Applied Science and Surface Science 
Dr. J. Charles Rogers, I.B.M., 
Lexington, Kentucky, Presiding 


1:30 p.m. 

Industrial Silicone Chemistry 

Brian Naasz—Dow Corning Corporation, Carrollton, Ken- 
tucky 

1:45 p.m. 

The Oxidation of Carbon Fibers as Measured by Saponi- 
fication Number 

Timothy S. Thompson and Duane K. Chapman—Ashland 
Carbon Fibers, Ashland, Kentucky 

2:00 p.m 

The Effects of Light Stabilizers on Industrial Rust Pre- 
ventive Coatings of Overbased Calcium Sulfonate Gels 
and Waxes 

Roger Hayner—Ashland Petroleum Company, Ashland, 
Kentucky 

2:15 p.m. 

Phase Transition Analysis of Various Coking Value Ash- 
land Pitches by Differential Scanning Calorimetry 

P. S. Lewis—Ashland Carbon Fibers, Ashland, Kentucky 

2:30 p.m. 

Evaluation of Anisotropic Adhesives for Electronic Con- 
nections 

G. R. Williams and G. G. Leslie—I.B.M., Lexington, Ken- 
tucky 

2:45 p.m. 

A Simple Way of Evaluating the Shielding Effectiveness 
of Small Enclosures 

Donald R. Bush—I.B.M., Lexington, Kentucky 

3:00 p.m. 

Coffee Break 

3:30-5:00 p.m. 

Plenary Session: The Early Kentucky Academy, and Shap- 
ing the Scientific Enterprise—1914-1989 

Worsham Theater, Student Center Addition 
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Friday, 17 November 
Session II 


Industrial Application of Analytical Techniques 
Dr. Maurice M. Mitchell, Jr., 
Ashland Petroleum Company, Ashland, Kentucky 


8:30 a.m. 

Modern Chromatographic Techniques in Tobacco Science 
J. H. Lauterbach and S$. C. Moldoveanu—Brown & Wil- 
liamson Tobacco Corporation, Louisville, Kentucky 

8:45 a.m 

Correlation of Gas Chromatographic Retention Indices with 
Molecular Structure of Organochlorosilanes 

Robert D. Steinmeyer—Dow Corning Corporation, Car- 
rollton, Kentucky 

9:00 a.m. 

Comparison of Analytical Techniques for the Determi- 
nation of Reid Vapor Pressure 

William L. Budden and Karl A. Mellenger—Ashland Pe- 
troleum Company, Ashland, Kentucky 

9:15 a.m. 

Prediction of Research Octane Number from G. C. Com- 
positional Analysis 

Maureen Chaffin—Ashland Petroleum Company, Ash- 
land, Kentucky 

9:30 a.m. 

Election of Section Officers for 1990 

10:00-10:30 a.m 

Coffee Break 


Session III 


Industrial Catalysis 
Dr. Freddie L. Tungate, United Catalyst, Inc., 
Louisville, Kentucky, Presiding 


10:30 a.m. 

Ammonia and Hydrogen Plant Catalysts—Rapid Contam- 
ination Detection 

W. M. Keely and J. R. Howard—United Catalysts, Inc., 
Louisville, Kentucky 

11:00 a.m. 

Reaction Pathways in the Formation of Gasoline from 
Methanol 

Burton H. Davis—Center for Applied Energy Research, 
Lexington, Kentucky 

11:15 a.m. 

Improved Laboratory Simulation of Fluid Catalytic 
Cracking Processes 

Terry L. Goolsby, Maurice M. Mitchell, and Howard F. 
Moore—Ashland Petroleum Company, Ashland, Ken- 
tucky 

11:30 a.m. 

Vanadium Passivation for Fluid Catalytic Cracking Cat- 
alysts 

John M. Stencel and Mario L. Occelli—Center For Applied 
Energy Research, Lexington, Kentucky 


PROGRAM, ANNUAL MEETING 


11:45 a.m. 

CO Promotion Testing Procedures for Fluid Cracking Cat- 
alysts 

Karla K. Dishman and Patricia K. Doolin—Ashland Pe- 
troleum Company, Ashland, Kentucky 

1:00 p.m. 

Plenary Session: New Technologies in Information Trans- 
fer 

Worsham Theater—Student Center Addition 


Session IV 


New Industrials Materials Research and Development 
Dr. John H. Lauterbach, 
Brown & Williamson Tobacco Corporation, Presiding 


2:30 p.m. 

Integrated Approach to Plastics Design 

Tony A. Hancock—I.B.M., Lexington, Kentucky 

2:45 p.m. 

Printhead Wear in Resistive Ribbon Printing 

John C. Byrne and Ronald W. Baker—I.B.M., Lexington, 
Kentucky 

3:00 p.m. 

Coffee Break 

3:30 p.m. 

Knowledge Acquisition through Statistics 

Dennis Pearce, Marv Smoak, and Fred Brandon—I.B.M., 
Lexington, Kentucky 

3:45 p.m. 

Conductive Adhesives: Characterizations for Electronic 
Applications 

J. E. Ellis, G. G. Leslie, and P. J. Reucroft—I.B.M., Lex- 
ington, Kentucky 

4:00 p.m. 

Electronic Packaging Materials: Compliant Pin Study 

M. V. Smoak, J. A. Lockovich, and G. G. Leslie—I.B.M., 
Lexington, Kentucky 

4:15 p.m. 

An Expert Material Selector for Plastic Part Design 

Dennis Pearce—I.B.M., Lexington, Kentucky 

4:30 p.m. 

Closing Comments: Future Plans for the Industrial Section 

W. P. Hettering, Jr.—Ashland Petroleum Company, Ash- 
land, Kentucky 


MULTIDISCIPLINARY SYMPOSIUM ON 
BIOLOGICAL AND SYNTHETIC MEMBRANES 


D. Allen Butterfield, Coordinator 
Small Ballroom—‘“Old” Student Center 
Saturday, 18 November 


9:00 a.m. 

Introduction and Description of the Center of Membrane 
Sciences 

D. Allen Butterfield—University of Kentucky 
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9:20 a.m. 

Membrane-assisted Synthesis of Radiopharmaceuticals 

Michael Jay, Jeffrey A. Hughes, Shigi Zhou, and Robert 
M. Mansfield—Department of Pharmacy, University of 
Kentucky 

9:40 a.m. 

Interaction of 1,2,3,4-Tetrahydro-9-Aminoacridine, a Po- 
tentially Useful Drug in the Treatment of Alzheimer’s 
Disease, with Human Erythrocyte Membranes 

D. Allen Butterfield and Donna A. Palmieri—Department 
of Chemistry, University of Kentucky 

10:00 a.m. 

Erythrocyte Shape and Volume Changes Caused by an 
Inhibitor of the Glucose and Anion Transporters 

Michael E. Bland and Donald F. Diedrich—Department 
of Pharmacology, University of Kentucky 

10:30 a.m. 

Polymer Membrane Ion-selective Electrodes 

Leonidas G. Bachas, Sylvia Daunert, Antonio Florido, and 
Vanessa Wotring—Department of Chemistry, Univer- 
sity of Kentucky 

10:50 a.m. 

Separation of Hazardous Organics by Synthetic Mem- 
branes: Adsorption and Flux-drop Behavior 

Dibakar Bhattacharyya, M. Williams, and R. Deshmukh— 
Department of Chemical Engineering, University of 
Kentucky 

11:10 a.m. 

Assessment of Membrane Lipid Peroxidation 

Vickie Tatum and Ching kK. Chow—Department of Nu- 
trition and Food Sciences, University of Kentucky 

11:30 a.m. 

Deformation of Transformed Cells 

Kimberly A. Ward and Wen-I Li—Department of Chem- 
ical Engineering, University of Kentucky 


UNDERGRADUATE POSTER SESSION 


Research Experience for Undergraduates in 
Membrane Science at the University of Kentucky 


Separation of Cadmium Complexes in Salt Water by Nano- 
filtration Membranes 

Larry W. Beck—Transylvania University and D. Bhat- 
tacharyya—Department of Chemical Engineering, 
University of Kentucky 

Lipid Hydrolysis by Porcine Pancreatic Lipase in Ho- 
mogeneous and Membrane Immobilized Systems 

Eric Chumley—Georgetown College, and D. Bhattacha- 
ryya—Department of Chemical Engineering, Univer- 
sity of Kentucky 

Anion-selectivity Properties of Electropolymerized 
Phthalocyanine Films 

Dan Finn—Centre College, A. Florido and L. Bachas— 
Department of Chemistry, University of Kentucky 


Anion-selective Electrodes Based on Poly(vinylchloride) 
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Membranes Doped with Phthalocyanines and Cyanex- 
471 Complexes 

Wes Dunaway—Morehead State University, S. Daunert 
and L. Bachas—Department of Chemistry, University 
of Kentucky 

Optimization of a Polymer Membrane Nitrite-selective 
Electrode and Its Use in the Development of a Nitrate 
Gas Sensor 

Stacy A. O’Reilly—University of Kentucky and L. Bach- 
as—Department of Chemistry, University of Kentucky 

Preparation and Evaluation of Membrane-bound Alkaline 
Phosphatase 

Cheryl A. Bryant—University of Kentucky, $. Zhou and 
M. Jay—Department of Pharmacy, University of Ken- 
tucky 

Radioimmunoassay Using a Scintillation Proximity Mem- 
brane 

Brian Key—University of Kentucky, N. G. Hartman and 
M. Jay—Department of Pharmacy, University of Ken- 
tucky 

Neurobiological Consequences of Trialkyl Tin Exposure 

Timothy F. Arnold—University of Kentucky, A. Schneider 
and A. J. Nonneman—Department of Psychology, Uni- 
versity of Kentucky 

Effects of Polyamines on Membrane Structure 

Elizabeth A. Farmer—Georgetown College and D. A. But- 
terfield—Department of Chemistry, University of Ken- 
tucky 

Deformation of Cell Membranes 

Kelli Wickline—University of Kentucky, C. Baker, L. Boe- 
buck, and K. Ward—Department of Chemical Engi- 
neering, University of Kentucky 

Membrane Transport Using Liposomes 

Rebecca Burchette—University of Kentucky, and K. 
Ward—Department of Chemical Engineering, Univer- 
sity of Kentucky 

Lipid Peroxidation and Its Effects upon Biological Mem- 
branes 

Neil Scheurich—University of Kentucky, and C. Chow— 
Department of Nutrition and Food Sciences, University 
of Kentucky 


Kentucky EPSCoR PRoGRAM 
Leonard K. Peters, Project Director 


Component Project | 
Chemical Catalysis 


Dorothy Gibson, Component Project Director 
Chemistry Department, University of Louisville 


Electrocatalysis at Modified Electrode Surfaces 

Richard P. Baldwin—Department of Chemistry, Univer- 
sity of Louisville 

Synthesis and Characterization of Capped Mononuclear 


and Binuclear Complexes and their Use as Oxidation 
Catalysts 
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Robert M. Buchanan and Dorothy H. Gibson—Depart- 
ment of Chemistry, University of Louisville 

Hydrodenitrogenation—Part I: Reactions 

D. J. Collins, R. Miranda, and S. Rajagopal—Department 
of Chemical Engineering, University of Louisville, and 
B. H. Davis—University of Kentucky 

Regulation of Pyridoxal Phosphate Catabolism 

Margaret L. Fonda—Department of Biochemistry, School 
of Medicine, University of Louisville 

Chemical Catalysis: Reactive Organometallic Intermedi- 
ates 

Dorothy H. Gibson—Department of Chemistry, Univer- 
sity of Louisville 


Hydrodenitrogenation—Part I: Catalysts 

R. Miranda, D. J. Collins, and S$. Rajagopal—Department 
of Chemical Engineering, University of Lousville, and 
B. H. Davis—University of Kentucky 

Chemistry of a Sulfidomolybdenum(V) Dimer 

Mark E. Noble—Department of Chemistry, University of 
Louisville 

Metal-promoted Tautomerization of Alkynes to Vinyli- 
denes: Which Factors Favor ““Iso-Acetylene”’? 

John P. Selegue—Department of Chemistry, University of 
Kentucky 

AF-CTH: Dechlorination, Hydrogenolysis and Other Or- 
ganic Reductions 

A. F. Spatola, M. K. Anwer, D. B. Sherman, and J. G. 
Roney—Department of Chemistry, University of Louis- 
ville 


Component Project 2 
Nuclear Methods in Chemical and Biological Sciences 


Michael Jay, Acting Component Project Director 
College of Pharmacy, University of Kentucky 


Production of Short-lived Radiotracers for In-vivo Studies 

Ranajit K. Bera and Jesse L. Weil—Department of Physics 
and Astronomy, University of Kentucky 

Membrane Controlled Synthesis of Carbon-11 Thymidine 
Analogs 

Michael Jay—College of Pharmacy, University of Ken- 
tucky, and S. W. Yates—Department of Chemistry, Uni- 
versity of Kentucky 

Accelerator Based Trace Element Analysis 

J. David Robertson and William D. Ehmann—Depart- 
ment of Chemistry, University of Kentucky 


Component Project 3 
Partial Differential Equations 


Ronald Gariepy, Component Project Director 
Mathematics Department, University of Kentucky 


A Sharp Inequality of J. Moser for Higher Derivatives 
David R. Adams—Department of Mathematics, Univer- 
sity of Kentucky 
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Regularity in the Calculus of Variations 

Ronald Gariepy—Department of Mathematics, University 
of Kentucky 

Ultrasonic Measurement of Residual Stress 

Chi-Sing Man—Department of Mathematics, University 
of Kentucky 

Complex Geometric Methods Partial Differential Equa- 
tions 

R. Molzon—Department of Mathematics, University of 
Kentucky 

New Maximum Principles 

Gregory Verchota—Department of Mathematics, Univer- 
sity of Kentucky 


Component Project 4 
Probabilistic Modeling and Inferential Problems with 
Applications to Engineering and Medicine 


William Griffith, Component Project Director 
Statistics Department, University of Kentucky 


Applied Probability Models in Engineering and Medicine 
Reliability Theory 

William S. Griffith—Department of Statistics, University 
of Kentucky 

Some Problems in Epidemic Theory and Reliability 

Marie-Pierre Malice and Richard J. Kryscio—Department 
of Statistics, University of Kentucky 

Minimum Distance Estimation in a Regression Problem 
with Censoring 

C. Srinivasan and M. Zhou—Department of Statistics, Uni- 
versity of Kentucky 

Nonparametric Regression Analysis for Counting Processes 

Klaus Utikal and C. Srinivasan—Department of Statistics, 
University of Kentucky, and I. W. McKeague—De- 
partment of Statistics, Florida State University 


Component Project 5 
Collaborative Research in Computational Sciences 


John Connolly, Component Project Director 
Center for Computational Sciences, 
University of Kentucky 


Computer-aided Analysis and Design of Steel Space Struc- 
tures 

George E. Blandford and Shien T. Wang—Civil Engi- 
neering, University of Kentucky 

Algorithms in Computational Chemistry 

T. L. Hayden—Department of Mathematics, University 
of Kentucky 

Forward and Inverse Radiative Transfer Models 

M. Pinar Mengue—Department of Engineering, Univer- 
sity of Kentucky 

Axisymmetric Solid Finite Elements for Rotor Dynamics 
Analysis 

Keith E. Rouch—Mechanical Engineering, University of 
Kentucky 


Turbulent Diffusion, Aerosol Growth and Chemical Vapor 
Deposition 

Tate T. H. Tsang—Chemical Engineering, University of 
Kentucky 


Component Project 6 
Applied Microeconomics Research Program 


Mark Berger, Component Project Director 
Department of Economics, University of Kentucky 


Demographic Cycles, Cohort Size, and Earnings 

Mark E. Berger—Department of Economics, University 
of Kentucky 

Self-enforcing Labor Contracts 

Dan A. Black—Department of Economics, University of 
Kentucky 

New Estimates of Quality of Life 

Glenn C. Blomquist—Department of Economics, Univer- 
sity of Kentucky 

Compensating Wages for Risky Jobs 

John E, Garen—Department of Economics, University of 
Kentucky 

Capital Gains Taxation and Housing 

William H. Hoyt—Department of Economics, University 
of Kentucky 

Innovative Leadership 

Richard Jensen—Department of Economics, University of 
Kentucky 

Tax Treatment of Fringe Benefits and Labor Market Seg- 
mentation 

Frank A. Scott, Jr—Department of Economics, University 
of Kentucky 

Lobbying for Mandates 

Eugenia F. Toma—Department of Economics, University 
of Kentucky 

Exports and Learning 

Michael A. Webb—Department of Economics, University 
of Kentucky 


Component Project 7 
A Development Program for Theoretical and 
Experimental Nuclear Physics Research 


Michael Kovash, Component Project Director 
Department of Physics and Astronomy, 
University of Kentucky 


Multi-step Processes in Pion Absorption on 12C 

D. L. Humphrey and G. Vourvopoulos—Department of 
Physics and Astronomy, Western Kentucky University, 
and M. Kovash—Department of Physics and Astrono- 
my, University of Kentucky 

Experimental Intermediate Energy Physics 

M. A. Kovash—Department of Physics and Astronomy, 
University of Kentucky 


Studies of the Absorptive Part of the Nuclear Optical Po- 
tential 
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C. E. Laird and D. C. Sousa—Department of Physics and 
Astronomy, University of Kentucky 

Research in Theoretical Particle Physics 

Bing An Li—Department of Physics and Astronomy, Uni- 
versity of Kentucky 

Relativistic Nuclear Physics 

Alan MacKellar—Department of Physics and Astronomy, 
University of Kentucky 

Experimental Intermediate Energy Physics 

M. A. Pickar—Department of Physics and Astronomy, 
University of Kentucky 


Component Project 8 
Astronomy and Astrophysics in Kentucky 


Moshe Elitzur, Component Project Director 
Department of Physics and Astronomy, 
University of Kentucky 


Is There Really Large-scale Filament Structure in the Uni- 
verse? 

Suketu Bhavsar and Moshe Elitzur—Department of Phys- 
ics and Astronomy, University of Kentucky 

Asymmetry of Stellar Photospheric Lines 

David Bruning—Department of Physics, University of 
Louisville 

Chaotic Motion in a Trans-Neptunian Comet Disk: The 
Delivery of Short-period Comets 

Michael Torbett and Moshe Elitzur—Department of Phys- 
ics and Astronomy, University of Kentucky 

Zeeman Effect Studies of the Interstellar Magnetic Field 

Thomas Troland—Department of Physics and Astronomy, 
University of Kentucky 


Component Project 9 
Multidisciplinary Membrane Science Research on the 
Structure, Function, and Properties of Biological 
and Synthetic Membranes 


Allan Butterfield, Component Project Director 
Center of Membrane Sciences, University of Kentucky 


Polymer Membrane Ion-selective Electrodes 

Leonidas G. Bachas and D. Allan Butterfield—Depart- 
ment of Chemistry, University of Kentucky 

Membrane Separations (Enzyme Membrane Reactors) 

Gerardo Catapano and Elias Klein—School of Medicine, 
University of Louisville 

RBC Shape/Volume Changes by P-Azidobenzylphlorzin: 
Related to Anion/Glucose Transport Inhibition? 

Michael E. Blank and Donald F. Diedrich—Department 
of Pharmacology, University of Kentucky 

Development of Affinity Membranes 

Pameal W. Feldhoff and Elias Klein—School of Medicine, 
University of Louisville 

Biodegradable Microspheres Containing Stable Activable 
Nuclides 
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Michael Jay—College of Pharmacy, University of Ken- 
tucky and Allan Butterfield —Department of Chemistry, 
University of Kentucky 

Impedance Analysis in Epithelial Membranes 

John T. Tarvin—Department of Physics, Murray State 
University 

Red Blood Cell Deformability 

Kimberly A. Ward—Department of Chemical Engineer- 
ing, University of Kentucky, and Allan Butterfield— 
Department of Chemistry, University of Kentucky 

Membrane Separations (Counter-current Ultrafiltration) 

Richard A. Ward and Elias Klein—School of Medicine, 


University of Louisville 


Component Project 10 
Central Facility for Recombinant DNA Technology 


Jerald Hoffman, Component Project Director 
Biochemistry Department, University of Louisville 


Isolation and Characterization of DNA Polymerase Alpha 
and Gamma from Plants 

Valgene L. Dunham—Department of Biology, Western 
Kentucky University, and Robert Rhodes—Department 
of Biochemistry, University of Kentucky 

Actin mRNA Metabolism in the Cell Cycle 

Thomas Geoghegan—Department of Biochemistry, Uni- 
versity of Louisville 

Mammalian Cells with Altered S-Adenosyl Amino Acid 
Metabolism 

Jerald Hoffman—Department of Biochemistry, University 
of Louisville 

Avian Retrovirus Vectors for Influenza HA Gene 

Lawrence A. Hunt—Department of Microbiology and Im- 
munology, University of Louisville 

Active-site Characterization of APH(3’)-II 

M. Perlin—Department of Biology, University of Louis- 
ville and R. Rhoads—Department of Biochemistry, Uni- 
versity of Kentucky 

Genetic Analysis of Heat Shock in Bacillus subtilis 

Uldis Streips—Department of Microbiology and Immu- 
nology, University of Louisville 


Component Project 11 
Facilities for Aquatic Field Experiments 


Philip Crowley, Component Project Director 
School of Biological Sciences, University of Kentucky 


Egg Adoption in the Fathead Minnow 

R. C. Sargent—School of Biological Sciences, University 
of Kentucky 

Ecology and Evolution of Aquatic Predator-prey Systems 

Andrew Sih—School of Biological Sciences, University of 
Kentucky 

Algal Ecology Experiments at the University of Louisville 
Experimental Stream Facility in Bernheim Forest 
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R. Jan Stevenson—Department of Biology, University of 
Louisville and Philip Crowley—School of Biological Sci- 
ences, University of Kentucky 


Component Project 12 
Muscle Fatigue: Effects of Atrophy and Acid-base Status 


Ronald D. Fell, Component Project Director 
Exercise Physiology Lab, University of Louisville 


Effect of Disuse Atrophy on Rat Muscle Substrate Utili- 
zation 

Ronald D. Fell—Exercise Physiology Lab, University of 
Louisville 


Component Project 13 
Analytical Model of Machining— 
A Computational Plasticity Project 


Wei-yang Lu, Acting Component Project Director 
Engineering Mechanics Department, 
University of Kentucky 


Effects of Cutting Fluids on Drilling Aluminum 390 

Herman R. Leep—Industrial Engineering, University of 
Louisville, and Patricia A. §. Ralston—Engineering Math. 
and Comp. Science, University of Louisville 

Analytical Model of Machining 

Wei-yang Lu and O. W. Dillon—Engineering Mechanics, 
University of Kentucky 

Adaptive Control of Unattended Machine Tools 

Patricia A. S. Ralston—Engineering Math. and Comp. Sci- 
ence, University of Louisville and Thomas L. Ward— 
Industrial Engineering, University of Louisville 


Component Project 14 
Interdisciplinary Research in Artificial 
Intelligence and Automation 


Yuri Breitbart, Acting Component Project Director 
Computer Science Department, University of Kentucky 


Multidatabase Update Issue 

Yuri Breitbart and Wiktor Marek—Computer Science De- 
partment, University of Kentucky 

Intelligent Robotic Systems 

James Graham—Engineering Math. and Comp. Science, 
University of Louisville and Wiktor Marek—Computer 
Science Department, University of Kentucky 

Knowledge Fusion in Consensor 

Rammohan Ragade—Engineering Math. and Comp. Sci- 
ence, University of Louisville, and Wiktor Marek— 
Computer Science Department, University of Kentucky 

NonMonotonic Reasoning 

Miroslaw Truszezynski and Wiktor Marek—Computer 
Science Department, University of Kentucky 

Expert System Application to Mine Ventilation Manage- 
ment 
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Andrzej Wala—Mining Engineering Department, Uni- 
versity of Kentucky, and Wiktor Marek—Computer Sci- 
ence Department, University of Kentucky 


Component Project 15 
Analytical and Experimental Techniques 
in Machine Dynamics 


Keith Rouch, Component Project Director 
Department of Mechanical Engineering, 
University of Kentucky 


Modeling Complex Rotor Systems Rotor Foundation In- 
teraction 

Keith E. Rouch—Department of Mechanical Engineering, 
University of Kentucky 

Parameter Sensitivity and Optimization in Rotor Dynam- 
ics 

J. P. Sadler and K. E. Rouch—Department of Mechanical 
Engineering, University of Kentucky 

Couples Elastic/ Acoustic Response of Machine Elements 

A. F. Seybert—Department of Mechanical Engineering, 
University of Kentucky 


Active Vibration Control and Transducer Design Using 
Polyvinylidene Fluoride 

H. S. Tzou—Department of Mechanical Engineering, Uni- 
versity of Kentucky 


Kentucky EPSCoR 
1987 Regional Universities Visiting Scholars 


Impact of Predation on the Microhabitat Preferences of a 
Headwater Cyprinodontiform Fish, Fundulus catena- 
tus 

Christine Barton and Michael Barton—Department of Bi- 
ology, Centre College, and Phil Crowley, Andy Sih, and 
Craig Sargent—School of Biological Sciences, University 
of Kentucky 

Investigation of Possible Late Precambrian Rift-related 
Sediments in the Goochland Terrane, Eastern Piedmont, 
North Carolina-Virginia 

Stewart S. Farrar—Department of Geology, Eastern Ken- 
tucky University, and Nicholas Rast—Geological Sci- 
ences, University of Kentucky 

Observational Learning in Pigeons 

David E. Hogan—Department of Psychology, Northern 
Kentucky University, and Thomas R. Zentall—Depart- 
ment of Psychology, University of Kentucky 

Firms’ Short-run Behavior 

H. Youn Kim—Department of Economics, Western Ken- 
tucky University, and Marak Berger—Department of 
Economics, University of Kentucky 

A Lifespan Perspective on Sameness-difference Judgments 

Rosanne B. Lorden—Department of Psychology, Eastern 
Kentucky University and Emanuel Mason—Education- 
al and Counseling Psychology, University of Kentucky 
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Neurobiological Effects of Chronic Dopaminergic Recep- 
tor Stimulations 

Bruce Mattingly—Department of Psychology, Morehead 
State University, and Michael T. Bardo—Department 
of Psychology, University of Kentucky 


Kentucky EPSCoR 
1988 Regional Universities Visiting Scholars 


UBV Photometry of Very Young Stellar Objects Identified 
from the IRAS Survey and Spatially-resolved CCD Pho- 
tometry of Reflection Nebulae Accompanying Very 
Young Embedded Stars 

Karen R. H. Hackney and Richard L. Hackney—De- 
partment of Physics and Astronomy, Western Kentucky 
University, and Frank O. Clark—Department of Phys- 
ics and Astronomy, University of Kentucky 

Application of Artificial Intelligence to Underground Mine 
Ventilation Management 

Tom Morgan Hughes—Department of Computer Science, 
Kentucky State University and Andrzej M. Wala—De- 
partment of Mining Engineering, University of Ken- 
tucky 

Resistance Changes in Necturus antrum Due to Changes 
in Tonicity 

Donald L. Jackson—Department of Physics and Astron- 
omy, Murray State University and Gasper Carrasquer— 
Department of Medicine, School of Medicine, Univer- 
sity of Louisville 


Gynecological Differentiation in Reproductive Strategy of 
the Bryophyte Tetraphis pellucida 

Robin Kimmerer—Department of Biology, Centre Col- 
lege, and David Wagner—Department of Forestry, 
University of Kentucky 

Determination of Atmospheric Aerosol Properties 

James Ora Manning—Department of Mathematical Sci- 
ences, Cumberland College, and Frank O. Clark—De- 
partment of Physics and Astronomy, University of Ken- 
tucky 


The Effect of Predation by Smallmouth Bass on Shelter 
Use by Mottled Sculpins and Crayfish 

David L. McNeely—Department of Biological and En- 
vironmental Science, Morehead State University and 
Andrew Sih—School of Biological Sciences, University 
of Kentucky 

A Cost of Adjustment Model of Excess Reserve Accumu- 
lation 

Clifford B. Sowell—Department of Economics and Busi- 
ness, Berea College, and Frank Scott—Department of 
Economics, University of Kentucky 

Urinary Cortisol Assessment and Social Behavior in Cap- 
tive Woolly Monkeys 

Brent C. White—Department of Psychobiology, Centre 
College, and Joseph M. Steffen—Department of Biol- 
ogy, University of Louisville 
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Kentucky EPSCoR 
1989 Regional Universities Visiting Scholars 


Cognitive Development and the Development of Chil- 
dren’s Decision Making 

Denise Davidson—Department of Psychology, Eastern 
Kentucky University, and Betty Lorch—Department of 
Psychology, University of Kentucky 

A Model of the Federal Deficit 

Brian Goff—Department of Economics, Western Ken- 
tucky University, and Eugenia Toma—Department of 
Economics, University of Kentucky 

Role of Fish Predators on Community Dynamics of Streams 

Joseph R. Holomuzki—Department of Natural Sciences, 
Transylvania University, and Jan Stevenson—Depart- 
ment of Biology, University of Louisville 

Estimation of Parameters and Reliability for a Series Sys- 
tem 

Lloyd R. Jaisingh—Department of Mathematical Sciences, 
Morehead State University, and William S. Griffith— 
Department of Statistics, University of Kentucky 

Transfer Fluorescence Depolarization in Membranes 

B. Wieb Van Der Meer—Department of Physics and As- 
tronomy, Western Kentucky University, and D. Allen 
Butterfield—Department of Chemistry, University of 
Kentucky 


NSF YouNG SCHOLARS 
Western Kentucky University 


The Effects of Lead on Isocitrate Dehydrogenase Activity 
in Tobacco 

Kim Anderson—Pleasure Ridge Park High School 

Effectiveness of an Omnimixer During the Isolation of 
DNA from Plants 

Jason Basham—Hancock County High School 

Methods of Isolating DNA from Chloroplasts 

Kyra Cornelium—Taylor County High School 

Sequencing SBMV-b 

Patrick Crowe—Allen County-Scottsville High School 

Determining the Location of a Tetracycline Resistance 
Gene in an Unmapped Plasmid (pRDtet) 

Raniel Dozier—North Hardin County High School 

Inhibition of Lactate Dehydrogenase Isoenzymes by Py- 
ruvic Acid in Three Strains of Mice 

Brian Eells—Calloway County Schools 

The Effect of Age on Lactate Dehydrogenase Isoenzymes 
in Skeletal Muscle of Two Strains of Mice 

Sandra Fooshee—Trigg County High School 

A Comparison of Ribulose 1,5-Bisphosphate Carboxylase 
Activity in Tobacco Plant Parts 

Stephenie Hammons—Lincoln County High School 

The Effect of Lead on Ribulose 1,5-Bisphosphate Carbox- 
ylase Activity in Tobacco 

Jennifer Hays—Bowling Green High School 
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DNA and Protein Levels of Senescing, Dark-grown Soy- 
bean Cotyledons 

William Houchins—Scott High School 

Sequencing Southern Bean Mosaic Virus 

Jason Jarboe—St. Romuald Interparochial Schools 

A Comparison of Isocitrate Dehydrogenase Activity in To- 
bacco Plant Parts 

Michelle Parks—Boyd County High School 

Sequencing SBMV-b 

William Partin—Williamsburg High School 

Studying Homogenization Techniques in the Isolation of 
DNA from Onions 

Raksha Patel—University Heights Academy 

Organization of the Proteins on the Slorf 18 DNA 

Donald Perkins—Nelson County High School 
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The Effects of Manganese Toxicity on Ribulose 1,5-Bis- 
phosphate Carboxylase Activity in Tobacco 

Robert Piper—Logan County High School 

Homogenization Methods in Plant DNA Isolation 

Libby Roberts—Owensboro High School 

Electrophoretic Study of Human Hemoglobins from 
Hemoglobin Zurich Individuals 

Belinda Setters—Lewis County High School 

Comparison of Isocitrate Dehydrogenase Activity in Mi- 
tochondria and the Cytosol of Cauliflower 

Gretchen Wagner—Notre Dame Academy 

Apparent Change of Lactate Dehydrogenase Isoenzymes 


in Human Hemoglobin Zurich Individuals 
Niambi Walker—Ballard High School 


President Pearce wishes to thank all individuals for accepting committee assignments. 


KENTUCKY ACADEMY OF SCIENCE 
GOVERNING BOARD AND COMMITTEES—1990 
DIRECTORY 


GOVERNING BOARD 


EXECUTIVE COMMITTEE 


President 

Debra K. Pearce 

Dept. of Biological Sciences 
Northern Kentucky University 
Highland Heights, KY 41076 
606-572-5362 


President-Elect 

W. Blaine Early, II 
Dept. of Biology 
Cumberland College 
Williamsburg, KY 40769 
606-549-2200 ext. 4380 


Vice President 

Douglas L. Dahlman 
Dept. of Entomology 
University of Kentucky 
Lexington, KY 40546-0091 
606-257-4962 


Past President 

Richard R. Hannan 

Ky. State Nature Preserves Commission 
407 Broadway 

Frankfort, KY 40601 

502-564-2886 


Secretary 

Varley E. Wiedeman 
Dept. of Biology 
University of Louisville 
Louisville, KY 40292 
502-588-5943 


Treasurer 

Paul H. Freytag 

Dept. of Entomology 
University of Kentucky 
Lexington, KY 40546-0091 
606-257-7452 


Editor—Ex Officio 

Branley A. Branson 

Dept. of Biological Sciences 
Eastern Kentucky University 
Richmond, KY 40475 
606-622-1537 


Executive Secretary—Ex Officio 
J. G. Rodriquez 

Dept. of Entomology 

University of Kentucky 
Lexington, KY 40546-0091 
606-257-4902 
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Larry P. Elliott (1990) 

Dept. of Biology 

Western Kentucky University 
Bowling Green, KY 42101 
502-745-6002 


Valgene L. Dunham (1991) 
Dept. of Biology 

Western Kentucky University 
Bowling Green, KY 42101 
606-250-5535 


Julia H. Carter (1991) 

Wood Hudson Cancer Research Lab 
1830 Greenup Street 

Covington, KY 41011 

606-581-7249 


Bruce A. Mattingly (1992) 
Dept. of Psychology 
Morehead State University 
UPO 972 

Morehead, KY 40351 
606-783-2981 


Estel M. Hobbs (1992) 
Ashland Petroleum Co. 
P.O. Box 391 

Ashland, KY 41114 
606-329-5485 


Lee T. Todd, Jr. (1992) 


GOVERNING BOARD 


Ray K. Hammond (1993) 
Division of Science 
Centre College 

Danville, KY 40422 
606-236-5211 


Burtron H. Davis (1993) 
Ky. Energy Cabinet Lab 
3572 Iron Works Pike 
P.O. Box 13015 
Lexington, KY 40512-3015 
606-252-5535 


AAAS Representative 
William P. Hettinger, Jr 
Ashland Petroleum Company 
P.O. Box 391 

Ashland, KY 41114 
606-329-4650 


NAAS Representative 
Ann M. Hoffelder 

Dept. of Chemistry 
Cumberland College 
Williamsburg, KY 40769 
606-549-2200 ext. 4319 


Chairperson KJAS 
Randall Sale 

Paris City Schools 
Paris, KY 40361 


Databeam Corp. ees 
3256 Lochness Dr. 
Lexington, KY 40503 
606-273-3204 
1. 
MEMBERSHIP COMMITTEE 


Chair 

Barbara Ramey (1993) 
Dept. of Biology 

Eastern Kentucky University 
Richmond, KY 40475 
606-622-1531 


Estel M. Hobbs (1990) 
Ashland Petroleum Co. 
P.O. Box 391 

Ashland, KY 41114 
606-329-5485 


Mary Powell (1990) 
Anthropology Museum 
211 Lafferty Hall 
University of Kentucky 
Lexington, KY 40546-0024 
606-257-8840 


Richard R. Hannan (1991) 

Ky. State Nature Preserves Commission 
407 Broadway 

Frankfort, KY 40601 

502-564-2886 


Ann Noland (1992) 
Dept. of Geology 
University of Louisville 
Louisville, KY 40292 
502-896-6923 
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Burtron H. Davis (1991) 
Ky. Energy Cabinet Lab 
3572 Iron Works Pike 
P.O. Box 13015 
Lexington, KY 40512-3015 
606-252-5535 


James E. O'Reilly (1990) 
Dept. of Chemistry 
University of Kentucky 
Lexington, KY 40506 
606-257-7077 


Steven Falkenburg (1991) 
Dept. of Psychology 

Eastern Kentucky University 
Richmond, KY 40475 
606-622-1105 


Associate Editor 

John T. Riley 

Dept. of Chemistry 

Western Kentucky University 
Bowling Green, KY 42101 
502-745-6020 


Index Editor 

Varley E. Wiedeman 
Dept. of Biology 
University of Louisville 
Louisville, KY 40292 
502-588-5943 


Leonard K. Peters (1991) 
Graduate School Research Ofc. 
University of Kentucky 

105 Kinkead Hall 

Lexington, KY 40506-0057 
606-257-8316 


2. 
COMMITTEE ON PUBLICATIONS 


Editor and Chair 

Branley A. Branson 

Dept. of Biological Sciences 
Eastern Kentucky University 
Richmond, KY 40475 


606-622-1537 


Abstract Editor 

John W, Thieret 

Dept. of Biological Sciences 
Northern Kentucky University 
606-572-6390 


President 

Debra K. Pearce 

Dept. of Biological Sciences 
Northern Kentucky University 
Highland Heights, KY 41076 
606-572-5362 


Past President 
Richard R. Hannan 


Ky. State Nature Preserve Commission 


407 Broadway 
Frankfort, KY 40601 
502-465-2886 


3. 
CoMMITTEE ON LEGISLATION 


Chair 

Charles E. Kupchella (1990) 
Ogden College of Sci. & Tech. 
Western Kentucky University 
Bowling Green, KY 42101 


502-745-4448 


President 

Debra K. Pearce 

Dept. of Biological Sciences 
Northern Kentucky University 
Highland Heights, KY 41076 
606-572-5362 
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Lee T. Todd, Jr. (1993) 
DataBeam Corp 

3256 Lochness Dr 
Lexington, KY 40503 
606-273-3204 
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President-Elect 

W. Blaine Early, HI 
Dept. of Biology 
Cumberland College 
Williamsburg, KY 40769 
606-549-2200 


Past President Ex Officio 

Richard R. Hannan 

Ky. State Nature Preserves Commission 
407 Broadway 

Frankfort, KY 40601 

502-564-2886 


4 

PROGRAM COMMITTEE 
Chair 
W. Blaine Early, II 
Dept. of Biology 
Cumberland College 
Williamsburg, KY 40769 
606-549-2200 ext. 4382 


o 


CoMMITTEE ON DIsTRIBUTION OF RESEARCH FUNDS 


KAS FOUNDATION BOTANY FUND 


KAS FOUNDATION MARCIA ATHEY FUND 


Mary Sue Coleman (1990) 
Dept. of Biochemistry 
University of Kentucky 
Lexington, KY 40546-0084 
606-233-5443 


Ray Hammond (1992) 
Division of Science 
Centre College 
Danville, KY 40422 
606-236-5211 


Ron Jones (1992) 

Dept. of Biological Sciences 
Eastern Kentucky University 
Richmond, KY 40475 
606-622-6257 


Chair 

James O. Luken 

Dept. of Biological Sciences 
Northern Kentucky University 
Highland Heights, KY 41076 
606-572-5110 


Maria McLean (1993) 
Dept. of Psychology 
Thomas More College 
Crestview Hills, KY 41017 
606-344-3353, 


Marcus T. McEllistrem (1993) 
Dept. of Physics 

University of Kentucky 
Lexington, KY 40546 
606-257-3403 ext. 6707 


Marc Evans 

Ky. State Nature Preserves Commission 
407 Broadway 

Frankfort, KY 40601 

502-564-2886 


Jonathan Bushee (1990) 
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6. 
SCIENCE EDUCATION COMMITTEE 


Chair 

Martha Simpson Tychonievich (1992) 
Dept. of Biology 

Elizabethtown Community College 
Elizabeth, KY 42701 

502-769-2371 


Ann Hoffelder (1991) 


Dept. of Physics, Geology, & Astr. 
Northern Kentucky University 
Highland Heights, KY 41076 


Dept. of Chemistry 
Cumberland College 
Williamsburg, KY 40769 


606-572-5405 


James J. Dyar (1990) 
Dept. of Biology 
Bellarmine College 
Louisville, KY 40205 
502-452-8211 


Neil Weber (1991) 
Dept. of Geoscience 
Murray State University 
Murray, KY 42071 
502-762-2591 


Estel Hobbs (1991) 
Ashland Petroleum Co. 
P.O. Box 391 

Ashland, KY 41114 
606-329-5485 


Bruce A. Mattingly (1992) 


Dept. of Psychology 


Morehead State University 


UPO 972 
Morehead, KY 40351 
606-783-2981 


606-549-2200 ext. 4319 


Lawana Scoville (1992) 
North Lauryl Junior H.S 
101 Johnson Road 
London, KY 40741 
606-878-2290 


he 
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Chair 

Douglas L. Dahlman (1990) 
Dept. of Entomology 
University of Kentucky 
Lexington, KY 40546-0091 
606-257-4962 


Ray K. Hammond (1993) 
Division of Science 
Centre College 

Danville, KY 40422 
606-236-5211 
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COMMITTEE ON NOMINATIONS, ELECTIONS AND RESOLUTIONS 


Chair 

Larry A. Giesmann (1992) 
Dept. of Biological Sciences 
Northern Kentucky University 
Highland Heights, KY 41076 
606-572-5362 
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J. G. Rodriguez (1990) 
Dept. of Entomology 
University of Kentucky 
Lexington, KY 40546-0091 
606-257-4902 


President-Elect 

W. Blaine Early, UI 
Dept. of Biology 
Cumberland College 
Williamsburg, KY 40769 
606-549-2200 ext. 4352 


Vice President 

Douglas L. Dahlman 
Dept. of Entomology 
University of Kentucky 
Lexington, KY 40546-0091 
606-257-4962 


Robert O. Creek (1990) 
Dept. of Biological Sciences 
Eastern Kentucky University 
Richmond, KY 40475 
606-622-1539 


Patricia McCoy Brown (1992) 
Dept. of Chemistry 

Box 1036 

Jefferson Community College 
Louisville, KY 40201 
502-584-0181 


Joe Winstead (1993) 
Dept. of Biology 


Western Kentucky University 


Bowling Green, KY 42101 
502-745-6004 


9. 
FINANCE COMMITTEE 


President and Chair 

Debra K. Pearce 

Dept. of Biological Sciences 
Northern Kentucky University 
Highland Heights, KY 41076 
606-572-5362 


Executive Secretary 

J. G. Rodriguez 

Dept. of Entomology 
University of Kentucky 
Lexington, KY 40546-0091 
606-257-4902 


Treasurer 

Paul H. Freytag 

Dept. of Entomology 
University of Kentucky 
Lexington, KY 40546-0091 
606-257-7452 


10. 
PLANNING COMMITTEE 


Past President and Chair 

Richard R. Hannan 

Ky. State Nature Preserves 
Commission 

407 Broadway 

Frankfort, KY 40601 

502-564-2886 


Blaine R. Ferrell (1993) 
Dept. of Biology 


Western Kentucky University 


Bowling Green, KY 42101 
502-745-6006 


J. G. Rodriguez 

Dept. of Entomology 
University of Kentucky 
Lexington, KY 40546-0091 
606-257-4902 
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CoMMITTEE ON PuBLIC RELATIONS 


Gary L. Wade (1992) 
US. Forest Service 
Rt. #2. Highway 21E 
Berea, KY 40403 
606-986-8431 


Varley Wiedeman (1992) 
Dept. of Biology 
University of Louisville 
Louisville, KY 40292 
502-588-5943 


Chair 

Executive Secretary 
J. G. Rodriguez 
Dept. of Entomology 


University of Kentucky 


Lexington, KY 40546-0091 


606-257-4902 


12. 


Debra K. Pearce (1993) 

Dept. of Biological Sciences 
Northern Kentucky University 
Highland Heights, KY 41076 
606-572-5362 


Randall Sale (1993) 
Paris City Schools 
Paris, KY 40361 
606-987-2325 


CoMMITTEE—JR. ACADEMY OF SCIENCE 


Sister Mary Ethel Parrott (1990) 
Notre Dame Academy 

Hilton Drive 

Covington, KY 41011 
606-261-4301 


Charles Hendrickson (1991) 
Dept. of Chemistry 

Western Kentucky University 
Bowling Green, KY 42101 
502-745-6238 


Barbara Jefferies (1992) 
Casey County High School 
Route 4 

Liberty, KY 42539 
606-787-6151 


Chair 

Randall Sale 
Paris City Schools 
Paris, KY 40361 
606-987-2325 


Ap Hoc ComMITTEE 


1A. 


Frank B. Howard 

2184 Garden Springs Drive 
Lexington, KY 40504 
502-564-2672 


Susan J. Mueller 

1101 S. Elm St. 
Henderson, KY 42420 
502-827-8876 


Lonc RANGE ACADEMY SITE SELECTION 
AND IMPLEMENTATION COMMITTEE 


Chair 

Executive Secretary 

J. G. Rodriguez 

Dept. of Entomology 
University of Kentucky 


Lexington, KY 40546-0091 


606-257-4902 
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Joseph V. Swintosky 
College of Pharmacy 
University of Kentucky 
Lexington, KY 40546 
606-257-1571 


William P. Hettinger, Jr 
Ashland Petroleum Company 
P.O. Box 391 

Ashland, KY 41114 
606-329-4650 
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Resource Members 
Gary W. Boggess 
Charles V. Covell, Jr. 
Larry A. Giesmann 
Charles E. Kupchella 
Joe E. Winstead 


Ap Hoc CoMMITTEE 


2A. 
COMMITTEE ON ARCHIVES 


Chair 


Larry P. Elliott 


Dept. of Biology 
Western Kentucky University 
Bowling Green, KY 42101 


502-745-6002 


Robert O. Creek 

Dept. of Biological Sciences 
Eastern Kentucky University 
Richmond, KY 40475 
606-622-1539 


Kerrie Elliot 

706 Wedgewood 

Bowling Green, KY 42101 
606-745-3696 


Herbert Leopold 

P.O. Box 173 

Smith's Grove, KY 42171 
502-563-5731 


J. G. Rodriguez 

Dept. of Entomology 
University of Kentucky 
Lexington, KY 40546-0091 
606-257-4902 


Joe E. Winstead 

Dept. of Biology 

Western Kentucky University 
Bowling Green, KY 42101 
606-745-6004 


Ap Hoc CoMmMITTEE 


3A. 


COLLEGIATE ACADEMY COMMITTEE 


Chair 


Ann M. Hoffelder 
Department of Chemistry 
Cumberland College 
Williamsburg, KY 40769 
606-549-2200 ext. 4319 


ABSTRACTS OF SOME PAPERS PRESENTED AT THE 
ANNUAL MEETING, 1989 


GEOGRAPHY 


Geographic ideas and geographers in the Kentucky 
Academy of Science since 1914. WILLIAM A. WITH- 
INGTON, University of Kentucky, Lexington, KY 40506. 


During its first 75 years the Kentucky Academy of Sci- 
ence has been the forum for many geographic ideas as 
well as for persons identifying themselves as geographers. 
Geographic ideas and geographers associated with the 
Kentucky Academy of Science and its annual meetings 
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may usefully be grouped into five eras. These are: (1) A 
“Pre-Geography” Era, 1914 to 1928; (2) An Early Geog- 
raphy Era, 1929 to 1953; (3) An Intermediate Geography 
Era, 1954 to 1970; (4) A Later Geography and Geography 
Section Era, 1971 to 1983; and (5) A Recent Geography 
Era, 1984 to 1989, involving geographers, annual Geog- 
raphy Section meetings, and annually appointed Kentucky 
State Geographers. Geographic or spatial ideas, geogra- 
phers, and the Geography Section are reviewed in the 
context of the 1989 Diamond Anniversary Meeting of the 
Kentucky Academy of Science. 


GEOLOGY 


A preliminary liquefaction-susceptibility map for the 
Louisville metropolitan area) HAMID ESMAEELZA- 
DEH,* Department of Civil Engineering, and JAFAR 
HADIZADEH, Department of Geology, University of 
Louisville, Louisville, KY 40292. 

Liquefaction is often a major factor in destruction of 
man-made structures during large earthquakes in urban 
areas underlain by unconsolidated sediments. Information 
in the water-well and geotechnical boring logs available 
for the Louisville metropolitan area was used to determine 
the dynamic properties and dimensions of the liquefac- 
tion-susceptible layers. Liquefaction-susceptibility at any 
point is calculated by normalizing the total susceptible 
thickness with respect to liquefaction potential index of 
the constituent units, using the SPT N-values. The collec- 
tion of points so obtained is then used to construct a liq- 
uefaction-susceptibility contour map showing various de- 
grees of liquefaction risk in the Louisville Metropolitan 
area. 


The first report of the Lower Carboniferous ammonoid 
genus Eurites found in the continental United States from 
Madison County, Kentucky. CHARLES E. MASON,* 
ROBERT CORDRAY, and JAMES W. SIMMONS, De- 
partment of Physical Sciences, Morehead State University, 
Morehead, KY 40351. 

Three specimens of the Mississippian ammonoid genus 
Eurites have been collected from the Big Hill area in 
Madison County, Kentucky. They were obtained from the 
prodelta facies of the Nancy Member of the Borden For- 
mation. Specimens and associated fauna are preserved as 
internal and external molds in siderite nodules. The as- 
sociated fauna consists of nautiloids and the ammonoid 
Merocanites drostei. Body fossils, other than cephalopods, 
are rare especially in the lower Nancy. 

This is the first report of Eurites in the lower 48 states, 
The Kentucky specimens differ in specific characters from 
established species and thus represent a new species of this 
genus. This genus itself was previously established on the 
basis of a single specimen collected along the Kara River 
in the Pay-Khoy region of the U.S.S.R. by Kusina in 1973. 
In Kusina’s study, seven additional species were found in 
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the literature and moved from the genus Muensteroceras 
to Eurites. Reported occurrences of this genus include 
Federal Republic of Germany, North Africa, U.S.S.R., Bel- 
gium, Ireland, and Alaska. 

Eurites associated with Mercantiles drostei in Kentucky 
suggests a lower Visean age. All other described species 
from this genus are placed in this time interval. The lower 
Visean Series of Europe and the U.S.S.R. equates to the 
uppermost Osagean and lower Meramecian Series of the 
US. 

The discovery of Eurites in Kentucky lends additional 
support to the strong similarities between the Lower Car- 
boniferous cephalopod faunas of Kentucky and those from 
east of the Urals in the U.S.S.R. This strong association 
suggests a much closer positioning of these plates during 
Lower Carboniferous time than present models reflect. 


Plant spores attached to Silurian foraminifera from Ken- 
tucky and Southern Indiana. ANNE V. NOLAND, De- 
partment of Geology, University of Louisville, Louisville, 
KY 40292. 

Scanning electron microscope studies of Silurian fora- 
minifera revealed land spores on 10 specimens. These mi- 
nute spores had escaped notice when studied and photo- 
graphed under the light microscope because of its low 
resolution. The fossils had constructed their exoskeletons 
(tests) from sea-floor sediment grains. The pseudopodia of 
the protozoans had attached the detrital particles to the 
living external surface with a siliceous cement they se- 
creted. This agglutination process has been observed in 
living arenaceous foraminiferal species that construct tests 
froma variety of materials such as quartz sand, mica flakes, 
sponge spicules, and even smaller foraminiferal tests. 


PHYSIOLOGY, BIOPHYSICS, 
BIOCHEMISTRY, AND PHARMACOLOGY 


Catalytic activity of two carboxylesterases. DAVID G. 
GARST,* Department of Biology, and DAVID R. HART- 
MAN, Department of Chemistry, Western Kentucky Uni- 
versity, Bowling Green, KY 42101. 

Various properties of a carboxylesterase of the greater 
wax moth larva, Galleria mellonella (L.), and a commer- 
cial carboxylic ester hydrolase (EC 3.1.1.1) from porcine 
liver were examined. The larval enzyme was partially 
purified by a combination of ammonium sulfate precipi- 
tation, gel filtration, anion exchange chromatography, and 
polyacrylamide gel electrophoresis. Esterase activities were 
determined with acetylsalicylic acid (ortho isomer), 
O-acetyl-m-hydroxybenzoic acid (meta isomer) and 
O-acetyl-p-hydroxybenzoic acid (para isomer) in 
tris(hydroxymethyl)-aminomethane (tris) buffer (0.05 M 
tris, 0.1 M (ethylenedinitrilo)tetraacetic acid (EDTA), pH 
7.85). Both esterases exhibited maximum catalytic activity 
with the para isomer. 


Trans. Ky. Acad. Sci., 51(1-2), 1990, 116-119 


DISTINGUISHED SCIENTIST AND 
OUTSTANDING SCIENCE TEACHER 
AWARDS FOR 1989 


DISTINGUISHED SCIENTIST AWARD— 
Dr. Dipakark BHATTACHARYYA 


Dr. Dibakar Bhattacharyya is a scientist and engineer 
of international stature who has made significant contri- 
butions to the Commonwealth of Kentucky through basic 
and applied research in membrane and separation science, 
and through teaching in the Department of Chemical En- 
gineering at the University of Kentucky. 

He is internationally recognized for his work on novel 
separation processes involving heavy metals and hazardous 
organics. His greatest accomplishment is in the field of 
membrane science, and the development of this technol- 
ogy toward solving problems in pollution and water reuse. 
His basic and applied research on pollutant separation by 
low-pressure reverse osmosis membranes has significantly 
enhanced the development of membrane technology in 
the environmental field. He pioneered the use of charged 
membranes for pollutant separations and established fun- 
damental mechanisms based on interactions between haz- 
ardous organics and membrane polymers, and membrane 
micropore structure. His research work on selective sep- 
arations, concentration of dilute hazardous wastes by 
membranes, and water reuse is of immense technical im- 
portance to society and industry 

He has published extensively (more than 65 refereed 
articles, 12 conference proceedings, and 6 book chapters), 
and has lectured extensively at national and international 
meetings, and symposia on membrane characterization 
and modeling, on membrane separation processes, and on 
water reuse and materials recovery. His efforts have con- 
tributed to securing more than $2.7 million of research 
support from federal and industrial sources since 1972. 
Recognition of his contributions to water treatment pro- 
cesses was realized in 1986 with the presentation to Dr. 
Bhattacharyya of the Larry K. Cecil Environmental Di- 
vision Award, presented annually by the American Insti- 
tute of Chemical Engineers for outstanding application of 
science and engineering to environmental problems. Dr. 
Bhattacharyya’s creativity and expertise have contributed 
materially to the development and growth of the Center 
of Membrane Sciences at the University of Kentucky. This 
multidisciplinary effort has entered competition for the 
establishment of a National Science Foundation-funded 
Science and Technology Center involving the University 
of Kentucky, the University of Louisville, and the Uni- 
versity of Cincinnati. 


Dr. Bhattacharyya is also an award-winning teacher. He 
is noted for his exuberant and enthusiastic teaching style 
which effectively blends theory with up-to-date applica- 
tions. His enthusiasm for students extends well beyond 
classroom hours. For one, he’s been a faculty counselor for 
the A.I.Ch.E. Student Chapter since 1981, “coaching” them 
to national recognition in the form of the Exxon “ Award(s) 
of Excellence.” He’s a friend of students and an advisor 
on course work, research, academic matters, and facets of 
professional development. Since 1981, he’s been, almost, 
a perennial recipient of the “Outstanding Teacher” Award 
given by the students of the Department of Chemical 
Engineering. In 1983 and 1984, he was recognized with 
Outstanding Teacher awards by the College of Engineer- 
ing, and in 1989, he was again recognized by the College 
of Engineering with the Henry Lutes Award for Outstand- 
ing Undergraduate Educator. In 1984, he received the 
University’s highest recognitions in teaching, the Univer- 
sity of Kentucky Great Teacher Award. 

Dr. Bhattacharyya has contributed much service to the 
American Institute of Chemical Engineers, bringing the 
National Directorship of the Environmental Division to 
the University of Kentucky for the years 1982-1984. Most 
recently, he’s turned his energies toward a revitalization 
of the Engineering Section of The Kentucky Academy of 
Science. 

Dr. Bhattacharyya received his BS degree (Highest Dis- 
tinction) in Chemical Engineering from Jadavpur Uni- 
versity in 1962, his MS degree in Chemical Engineering 
from Northwestern University in 1963, and his Ph.D. de- 
gree in Environmental Engineering from the Illinois In- 
stitute of Technology in 1966. He was appointed Research 
Associate in Chemical Engineering at the University of 
Kentucky in 1967. He was made Associate Director of 
Environmental Research in 1973, and appointed Associate 
Professor in 1980. In 1983, he was appointed Professor 
and awarded the Ashland Professorship in the Department 
of Chemical Engineering. 

The Kentucky Academy of Science is pleased to rec- 
ognize Dr. Dibakar Bhattacharyya as its 1989 Distin- 
guished Scientist, and it looks foward, with anticipation, 
to many future contributions in his chosen areas of en- 
deavor. 
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OUTSTANDING INDUSTRIAL SCIENTIST— 
Dr. WILLIAM P. HETTINGER, JR. 


The Kentucky Academy of Science is pleased to present 
its first Outstanding Industrial Scientist Award to Dr. Wil- 
liam P. Hettinger, Jr. Dr. Hettinger is internationally known 
for his contributions to catalysis research, and catalyst de- 
velopment. In Kentucky, he’s also known for his tireless 
work promoting the enhancement of scientific research 
and development in the state. 

Dr. Hettinger’s contributions to industrial catalyst de- 
velopment began early in his career. While at Sinclair 
Refining Company in the early 1950s, he collaborated in 
the discovery of a new aluminum oxide hydrate which 
became a key ingredient in a petroleum-reforming catalyst 
known as RD-150. This catalyst became an industry stan- 
dard and is used, unchanged in essential features, still 
today. Shortly thereafter, he pioneered work on platinum, 
rhodium, iridium, and other precious metal catalysts for 
reforming (ie. improving octane number by converting 
linear hydrocarbons to aromatics) at energy-and yield- 
saving low pressures. He became Director of the Catalyst 
Division at Sinclair upon the untimely death, in 1956, of 
Dr. John Teter, a friend as well as a superior. Dr. Hettinger 
moved shortly thereafter to Nalco Chemical Company as 
Director of Nalco’s Catalyst Research Laboratories, and 
in 1959 became General Manager for all of Nalco’s re- 
search and development activities worldwide. While at 
the catalyst laboratories, he worked to develop a cobalt- 
molybdenum hydrodesulfurization catalyst for use by 
Exxon; Nalcat 471, novelly formulated in many extruded 
sizes including very fine 4,” and 4)” extrudates, is still 
being produced and used in essentially the same compo- 
sition today. 

It was also while at Nalco that Dr. Hettinger developed 
kaolin clay-modified catalysts for “cracking” petroleum. 
This catalysis development has been termed a “landmark 
advance” which brought forth a new generation of low 
cost, dual-pore structure, high efficiency catalysts for con- 
verting larger petroleum hydrocarbons to gasoline. It later 
served as the matrix for the more active “Zeolite” catalysts. 
After a vice presidency for Research and Development 
for the Davison Division of W. R. Grace and Company, 
he “went back to school.” 

From 1968-1972 on an Advanced Fellowship from the 
National Institute of Health, he attended the University 
of Miami and The Johns Hopkins University, and re- 
searched aging mechanisms at the National Institutes of 
Health. 


In 1972, he returned to industry as Vice President for 
Research with National Lead Industries. After a consul- 
tancy for Arthur D. Little, Dr. Hettinger joined Ashland 
Oil as Director of Research in 1977. He became Vice 
President in 1979. At Ashland, he tailored another ‘“crack- 
ing” catalyst for use with Ashland’s heavy hydrocarbon 
conversion process. From 1984 to 1987, he was President 
of the newly-formed Carbon Fibers Division, which re- 
ceived a “New Product of the Year” award from the 
National Society of Professional Engineers in 1986 for 
Carboflex, a low cost carbon fiber. Since 1987, Dr. Het- 
tinger has remained as Vice President and Technical Ad- 
visor to Senior Management at Ashland Petroleum. He is 
inventor or co-inventor on 72 U.S. and many foreign pat- 
ents, and is co-editor of a book on the history of catalysis 
in the U.S. He has also authored articles on many subjects 
including catalysts, industrial processes, carbon fibers, aging 
research, and research management, to name a few. 

Dr. Hettinger has given energetic service to a number 
of scientific societies. He was founder, and President, of 
the Tri-State Catalyst Club (1978-1980), past Director of 
the North American Catalysis Society (1978-1980), and 
was President of The Association of Research Directors 
(1976-1977), to name but a few activities. Most recently, 
he has served as a member of the Kentucky EPSCoR 
Planning Committee, as President of The Kentucky Acad- 
emy of Science, and is a member of the Kentucky Science 
and Technology Council. He was honored in 1974 with 
Life Membership in the New York Academy of Science 
(a membership limited to 150) and, in 1988, he was elected 
a fellow of the American Association for the Advancement 
of Science 

Dr. Hettinger received his BS degree, in Chemistry, 
from Purdue University in 1947, his Ph.D. degree, in Phys- 
ical Chemistry, from Northwestern University in 1951, 
and in 1964, a certificate of Advanced Management from 
the University of Chicago Industrial Relations Depart- 
ment. He was a B-24 bomber pilot in World War II, flying 
out of Italy, and holds the air medal with oak leaf cluster. 
He currently lives in Russell, Kentucky, with his wife Alice. 
He has three children and six grandchildren. 

The Kentucky Academy of Science is pleased to present 
its first Outstanding Industrial Scientist Award to such an 
outstanding scientist as Dr. William P. Hettinger, Jr. 
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ACCEPTANCE COMMENTS— 
INDUSTRIAL SCIENTIST OF THE YEAR AWARD 


It is with profound gratitude and humility that I accept 
this Industrial Scientist Award. I accept it, not only for 
myself, but for all the industrial scientists of Kentucky, 
and for a future where research scientists from all walks 
of life—from government, from the universities and in- 
dustries—can productively and collectively join together 
in increasing the quality of research in the state, and there- 
by, hopefully, also encourage and accelerate the devel- 
opment of technology-based industry in Kentucky for the 
benefit of all of the citizens of Kentucky 

Thanks also to my lovely wife, Alice, who for so many 
years has supported my efforts and sustained my love and 
enthusiastic search of the unknown and for sustaining my 
pioneering thirst to learn what exciting discovery is over 
the next scientific hill or mountain. 

It seems fitting and proper that I should end my career 
in Kentucky (always searching for the next unknown just 
over the hill), in beautiful eastern Kentucky where so many 
hills predominate and where I can emphathize and relate 
toa similar driving force which must have motivated Dan- 
iel Boone to also press on in order to see what was over 
the next hill or mountain and to suddenly discover the 


wide open plains and beautiful blue grass of central Ken- 
tucky. 

Thanks again, also, to Professor Allan Butterfield who 
nominated me, and to all of my associates who supported 
this honor. It has been a pleasure and honor, also, serving 
the Kentucky Academy of Science, the Epscor Program, 
and now the Kentucky Science and Technology Council, 
and I look forward to the continuing growth and many 
great contributions of the Academy to the great state of 
Kentucky in the years ahead as it continues to exert its 
leadership in science and technology. 

Thanks also for the pleasure of working with so many 
fine associates these past few years and the friendships, 
too many to list here, that have developed as a result, and 
to my accomplished secretary, Mrs. Pamela Bowling, for 
her energetic support in keeping me on top of all of these 
activities. I'd also like to take this opportunity to thank 
Ashland Oil for the opportunity to undertake and direct 
research in an exciting period of Ashland’s history, and 
for its unwavering support of my activities with the Acad- 
emy, EPSCoR and the Kentucky Science and Technology 
Council. 


OUTSTANDING SCIENCE TEACHER AWARDS FOR 1989 


COLLEGE-UNIVERSITY LEVEL— 
Dr. RoBERT W. KISER 


The Kentucky Academy of Science is pleased to rec- 
ognize Dr. Robert W. Kiser of the Department of Chem- 
istry at the University of Kentucky with its 1989 Award 
for Outstanding Teacher at the College or University Level. 
Dr. Kiser has published extensively on his research in mass 
spectroscopy, and has secured more than $0.8 million from 
federal and private sources for support of research, in- 
strumentation, and facilities. His research expertise has led 
him into a number of consultantships in industry and gov- 
ernment-supported laboratories. Dr. Kiser also has a breadth 
of teaching expertise, having taught at the graduate, ad- 
vanced undergraduate, and introductory levels, in courses 
with both intimate, and large enrollments. It’s for his out- 
standing teaching of introductory chemistry that he is 
being recognized by the Kentucky Academy of Science. 

It’s often a jarring change from high school to university 
life for students majoring in science, or in allied fields. 
Large-enrollment sections can be intimidating to the un- 
initiated, and depersonalizing even to those who persevere, 
adapt, and succeed. Dr. Kiser succeeds in making students 
like chemistry, and in making them feel “at home.” In so 
doing, he assists students in rising to the top of their abil- 


ities. He's known as a rigorous (even, ‘“hard-nosed”’) teach- 
er, and one who brings a contagious enthusiasm for chem- 
istry, and a clarity of exposition to the classroom. He harbors 
an enthusiasm for students, being unselfish with his time 
to listen, and to help. As a consequence, he elicits strongly- 
positive responses from students about his classroom ex- 
pertise and his caring attitude. He is currently Director of 
General Chemistry in the Chemistry Department, and has 
brought his energy and creativity to managing that rather 
diverse set of courses which service a multitude of degree 
programs, from chemistry majors to nursing students. For 
example, he inaugurated, and created funding for, a pop- 
ular series of prizes for students of general chemistry. 
Student, peer, and administrator alike are unanimous in 
saluting Dr. Kiser’s dedication and skill. 

Dr. Kiser has been called upon persistently and exten- 
sively for heavy service commitments at the University of 
Kentucky. It’s characteristic of Dr. Kiser, however, that 
he’s taken on more work in the leadership in initiating and 
coordinating chemistry education meetings with Com- 
munity College faculty. 

Dr. Kiser received his baccalaureate from St. Ambrose 
College, and M.S. and Ph.D. degrees from Purdue Uni- 
versity. His academic career began at Kansas State Uni- 
versity. He was appointed Professor of Chemistry and 
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Director of the Mass Spectrometry Center at the University 
of Kentucky in 1967—an administrative position which 
he holds today. Also, he was Chairman of the Department 
of Chemistry from 1967-1972. 

The Kentucky Academy of Science is pleased to rec- 
ognize Dr. Robert W. Kiser, a scientist of repute, for his 
outstanding contribution to teaching science in the Com- 
monwealth of Kentucky. 


HicH ScHooL LEVEL— 
Lawana M. SCOVILLE 


Lawana M. Scoville is a national award-winning teacher 
known to peer, parent, and student alike as one dedicated 
to the curricular and extracurricular development of the 
mind and spirit of her students. It is for her accomplish- 
ments in the teaching of science at North Laurel Junior 
High School, in and out of the classroom, that the Kentucky 
Academy of Science names her the 1989 Outstanding Sci- 
ence Teacher at the High School Level. 

Mrs. Scoville, a teacher of physical science, physics, 
chemistry and science research, uses an activity-oriented 
classroom. Laboratory experiments, data analysis, and re- 
ports, using classroom computers as a tool, are key facets 
of her approach. Her techniques permit “real time” eval- 
uation of students’ performances, enabling the accompa- 
nying benefit of immediate reinforcement of important 
principles divulged by the experiment. Students respond 
wholeheartedly to the intellectual challenges and expec- 
tations she places before them, and to the patience and 
respect she gives them. 

What is apparent is that Mrs. Scoville has made a com- 
mitment to the youth of Laurel County, one of the coun- 
try’s poorest, and the abundance, and success, of that com- 
mitment is made clear by a sampling of her out-of-classroom 
activities and accomplishments. She is the founder (1980) 
and Director of the Laurel County Science and Engi- 
neering Fair held annually in April. This has been an 
immensely successful undertaking in that, perennially, stu- 
dent winners of this Fair enter, and often go on to a win, 
in higher level competition (for example, the American 
Optimetrics Association-sponsored award at the 1988 In- 
ternational Science and Engineering Fair in Knoxville), 
and they gain access to other horizon-expanding oppor- 
tunities in science (for example, a summer workshop at 
the Fermi National Accelerator Laboratory). To make 
Laurel County Fair a success Mrs. Scoville invests a lot of 
time in fund-raising for support of student projects, and 
for support of education; she recruits community people 
to help students with projects, she personally directs some 
50-60 projects annually; she is working to establish a “farm 
system” by assisting elementary schools in organizing sci- 
ence fairs, and serves annually as a judge at these fairs; 
she works on an annual media campaign to help raise the 
profile of the science fairs, and of science education; from 
funds she raised, Science and Engineering Fair prizes were 
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established, most notably, the Laurel County Grand 
Champion Award ($200 prize), and the Computer Tech- 
nology Award (a $1,000 computer), impressive prizes, and 
impressive motivators for competitors, On top of this on- 
going Science Fair-related set of activities, she is active in 
other education-related groups: as examples, the Math and 
Science Teachers Alliance (Steering Committee), the Lau- 
rel County Textbook Adoption Committee, and the Com- 
mittee for Information on Community Involvement in 
Laurel (a Laurel County Schools committee). She still makes 
time to be involved as a leader with groups such as the 
Cub Scouts and Webelos 

Mrs. Scoville has written for World Book Encyclopedia, 
the Senior Scholastic, and for the Laurel County School’s 
curriculum. Recently she has made presentations to the 
American Chemistry Society, and in a number of science 
teacher workshops (five in 1989 alone). 

To keep abreast in education and in science, she keeps 
active in, and holds memberships in, a number of profes- 
sional and scientific societies: the Kentucky Science Teach- 
ers Association, the Kentucky Academy of Science, the 
National Science Teachers Association, the American As- 
sociation for the Advancement of Science, and the Fed- 
eration of American Societies for Experimental Biology, 
to name several. 

Mrs. Scoville’s activities have not gone unnoticed. She 
has been honored by the Laurel County Chamber of Com- 
merce, by Forward in the Fifth (a southeastern Kentucky 
citizens group for advancing education), by the Governor 
with the “Pride of the Cumberlands” Award, and by the 
Laurel County Board of Education. The Kentucky Acad- 
emy of Science has recognized for four years her spon- 
sorship of students in the International Science and En- 
gineering Fair. In 1987 she was a Commonwealth awardee 
of the Presidential Award for Excellence in Science Teach- 
ing, and in 1988 she received national recognition with a 
Presidential Award for Excellence in Science Teaching. 
In 1989 World Book Encyclopedia recognized her as a 
Science Year Teacher of the Year. 

Mrs. Scoville is a 1972 graduate (suma cum laude) of 
Cumberland College (B.S. in Biology), and of Union Col- 
lege (M.A. in Education, 1982). She has also taken graduate 
coursework at Eastern Kentucky University. From 1972 
to 1979 she taught science at several high schools and junior 
high schools in southeastern Kentucky. Since 1988 she has 
taught at North Laurel County Junior High School, and 
was appointed Chair of the Science Department. During 
her career she has also participated in teaching adult ed- 
ucation, and in community involvement programs at 
Southeast Community College (Cumberland) and, most 
recently, at Sue Bennett College (London). 

Lawana Scoville is a Kentucky treasure. She epitomizes 
the invaluable resource the state has in its cadre of dedi- 
cated primary and secondary school teachers. The Ken- 
tucky Academy of Science is pleased to recognize Lawana 
M. Scoville with its award of 1989 Outstanding Science 
Teacher at the High School Level. 
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NEWS AND COMMENTS 


ANNUAL MEETINGS College, Kentucky Wesleyan College, and Ow- 
The 76th meeting of the Kentucky Academy ensboro Community College. 
of Science will be held at Northern Kentucky The 78th meeting is planned for the Ashland 
University in November 1990. Community College, Ashland, Kentucky. 
The 77th meeting will be in Owensboro, 
Kentucky under the combined aegis of Brescia 
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Original papers based on research in any field of science will be considered for publication in 
the Transactions. Also, as the official publication of the Academy, news and announcements of 
interest to the membership will be included as received. 


Manuscripts may be submitted at any time to the Editor. Each manuscript will be reviewed by 
one or more persons prior to its acceptance for publication, and once accepted, an attempt will 
be made to publish papers in the order of acceptance. Manuscripts should be typed double spaced 
throughout on good quality white paper 8% x 11 inches. NOTE: For format of feature articles 
and notes see Volume 43(3—4) 1982. The original and one copy should be sent to the Editor and 
the author should retain a copy for use in correcting proof. Metric and Celsius units shall be used 
for all measurements. The basic pattern of presentation will be consistent for all manuscripts. 
The Style Manual of the Council of Biological Editors (CBE Style Manual), the Handbook for 
Authors of the American Institute of Physics, Webster’s Third New International Dictionary, and 
a Manual of Style (Chicago University Press) are most useful guides in matters of style, form, and 
spelling. Only those words intended to be italicized in the final publication should be underlined. 
All authors must be members of the Academy. 


The sequence of material in feature-length manuscripts should be: title page, abstract, body of 
the manuscript, acknowledgments, literature cited, tables with table headings, and figure legends 
and figures. 


1. The title page should include the title of the paper, the authors’ names and addresses, and 
any footnote material concerning credits, changes of address, and so forth. 


2. The abstract should be concise and descriptive of the information contained in the paper. It 
should be complete in itself without reference to the paper. 


3. The body of the manuscript should include the following sections: Introduction, Materials and 
Methods, Results, Discussion, Summary, Acknowledgments, and Literature Cited. All tables and 
figures, as well as all literature cited, must be referred to in the text. 


4. All references in the Literature Cited must be typewritten, double spaced, and should provide 
complete information on the material referred to. See Volume 43(3-—4) 1982 for style. 


5. For style of abstract preparation for papers presented at annual meetings, see Volume 43(3-— 
4) 1982. 


6. Each table, together with its heading, must be double spaced, numbered in Arabic numerals, 
and set on a separate page. The heading of the table should be informative of its contents. 


Each figure should be reproduced as a glossy print either 5 x 7 or8 x 10 inches. Line drawings 
in India ink on white paper are acceptable, but should be no larger than 82 x 11 inches. Pho- 
tographs should have good contrast so they can be reproduced satisfactorily. All figures should 
be numbered in Arabic numerals and should be accompanied by an appropriate legend. It is 
strongly suggested that all contributors follow the guidelines of Allen’s (1977) “Steps Toward 
Better Scientific Illustrations’ published by the Allen Press, Inc., Lawrence, Kansas 66044. 


The author is responsible for correcting galley proofs. He is also responsible for checking all 
literature cited to make certain that each article or book is cited correctly. Extensive alterations 
on the galley proofs are expensive and costs will be borne by the author. Reprints are to be ordered 
when the galley proofs are returned by the Editor. 
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Trends in Rural and Urban Hospitals Since the Introduction 
of the Prospective Payment System 


RICHARD L. SHELBY AND ARCH G. Mainous III 


Department of Health Services, University of Kentucky, Lexington, Kentucky 40536 


ABSTRACT 

The Prospective Payment System (PPS) is the predominant cost-containment policy of the past decade. 
However, few empirical studies have attempted to assess hospital performance since the introduction of PPS. 
Noting this gap, the present study sought to measure effects on the performance of rural and urban acute- 
care general hospitals. Using data from Kentucky's acute-care general hospitals from 1983 through 1987, 
the authors investigated standard operative characteristics for significant trends. A trend of decreasing 
utilization followed the introduction of PPS; however, a later movement toward stabilization of performance 
was suggested. Further, the results supported the hypothesis that the impact was more extreme in rural than 
in urban facilities. Finally, the present results suggested that there is a continuum of distress; closure is the 


extreme negative end. 


INTRODUCTION 


In 1983, Congress enacted the most funda- 
mental reform of government-assisted health 
care passed to date. The institution of the Pro- 
spective Payment System (PPS) by the Health 
Care Financing Administration changed the 
way in which acute-care hospitals are reim- 
bursed for inpatient services delivered to 
Medicare recipients. The PPS was a move away 
from traditional per-case, cost-plus reimburse- 
ment for hospitalization to a prospectively de- 
termined reimbursement based on diagnosis- 
related groups (DRGs). Additionally, PPS 
gradually changed the determiner of reim- 
bursement from the particular hospital to a 
national average of hospital inpatient costs (1). 

PPS bases reimbursement on the national 
average cost for treating the patient-specific 
diagnoses rather than on the hospital’s actual 
cost in treating the patient. Thus, if the hos- 
pital’s cost is less than the national average, 
then the hospital enjoys a revenue advantage. 
However, if the hospital’s cost is greater than 
the national average, the hospital must make 


up the difference from other revenue sources. 
Hence, it is important that hospitals monitor 
their Medicare-related costs in order to keep 
them in line with national averages. 

The goal of PPS was the reduction of soaring 
Medicare inpatient costs. Hospitals could lower 
these costs by reducing Medicare average 
length of stay and by shifting care from in- 
patient to outpatient settings (2). Medicare hos- 
pitalization costs would also be reduced if total 
admissions were decreased; and although this 
has occurred, it was an unexpected outcome 
of PPS (3). 

A further consideration of the impact of PPS 
is the differential effect on certain subgroups 
of hospitals. PPS provides reimbursement ad- 
justments for selected settings where treatment 
costs are expected to diverge. One of these is 
the urban/rural pay differential (based upon 
rural/urban wage differences), which causes 
the PPS to reimburse rural hospitals up to 30% 
less than urban hospitals for treating the same 
diagnosis (4, 5, 6, 7). Since rural hospitals gen- 
erally have a larger percentage of Medicare 
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patients than do urban facilities, rural hospitals 
are more dependent upon Medicare reim- 
bursement (8). Therefore, the effects of PPS 
are compounded in rural hospitals (4, 6). 

Although not all changes in hospitals’ op- 
erative characteristics over the past decade can 
be identified as being solely due to PPS, it is 
the major cost containment action of the past 
decade and its effects, both direct and indirect, 
should be evident in utilization and operative 
characteristics. For example, HMOs attempt 
to curtail inpatient costs by utilizing early de- 
tection of disease and widespread case man- 
agement. Nationally, HMO enrollment has 
grown rapidly, doubling from 16.8 million in 
1984 to 33.7 million in 1988 (9), and thus, 
HMOs can exert considerable financial pres- 
sure on hospitals in some markets. The rapid 
evolution of technology has also reduced in- 
patient costs by allowing greater utilization of 
outpatient facilities for surgical procedures 
while also shortening the lengths of stay of 
those who are hospitalized (10). 

The preceding discussion leads to 2 predic- 
tions. First, the trend since the introduction of 
PPS, as measured by the average occupancy 
rate, is hypothesized to be reduced utilization. 
Decreased Medicare occupancy should have a 
large effect on general hospital occupancy since 
the elderly are the largest users of inpatient 
care (11). A second, and more specific, effect 
is that the predicted utilization effects will be 
manifested with a greater intensity in the rural 
institutions (4, 6). 

The above predictions are especially impor- 
tant in Kentucky because more than half of 
Kentucky’s residents live in rural counties (12). 
Rural hospitals provide a substantial portion of 
inpatient care in Kentucky (13). Moreover, it 
has been suggested that Kentucky’s hospitals 
face increased distress and closure following 
the introduction of PPS (14). 

Several studies have focused on hospital clo- 
sures since the introduction of PPS; however, 
little research has focused on hospital perfor- 
mance, especially in Kentucky (15, 16). There- 
fore, the purpose of this study is to examine 
the effect of PPS on utilization and operative 
characteristics indicative of performance in ur- 
ban and rural hospitals in Kentucky (17). Its 
purpose is not to study the effects of PPS on 
the Medicare utilization in these hospitals, but 
rather to investigate how the changing reim- 
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bursement scene has differentially impacted 
rural and urban hospitals. 


METHOD 


The institutions chosen for analysis were 
acute-care general hospitals located in Ken- 
tucky. Because Kentucky is evenly split into 
rural and urban areas, it allows for a competent 
analysis of performance differences. The 1980 
census showed that 45.7% of the state’s pop- 
ulation lived in urban counties making up met- 
ropolitan statistical areas (MSAs), and 54.3% 
of the population lived in rural counties outside 
MSAs (12). Additionally, Kentucky's hospital 
bed supply has the same distribution pattern. 
American Hospital Association data from 1987 
show that 46.0% of Kentucky’s hospital beds 
are in urban counties while 54.0% are in non- 
MSA rural counties (18). A final reason for the 
suitability of Kentucky hospitals for this anal- 
ysis is the stability of its hospital industry. In 
this decade Kentucky has experienced only one 
closure and one merger. 

The data for the hospitals’ operative char- 
acteristics are from the 1984, 1986 and 1988 
editions of the American Hospital Association 
(AHA) Guide to the Health Care Field (19, 
20, 21). The AHA Guide reports data from the 
previous year, and so our analyses include in- 
formation from 1983, 1985 and 1987. The in- 
troduction of PPS began on 1 October 1983, 
and our first data year presents a view of hos- 
pital performance immediately before the im- 
plementation of PPS. By September 19835, all 
hospitals subject to PPS had been under the 
program for at least one full year, and data 
from 1985 reflects hospital performance im- 
mediately after the transition to PPS (3). By 
1987, these hospitals had been under PPS for 
at least three full years, and the 1987 data 
monitors continuing hospital performance un- 
der PPS. 

To ensure consistency over time, the anal- 
yses include only those hospitals which sup- 
plied data in all 3 time periods. One hundred 
one institutions within Kentucky supplied data 
for all 3 time periods, and these comprised the 
study group. Twenty eight hospitals were with- 
in metropolitan statistical areas (MSAs) and 
hence classified as urban. The remainder of 
the sample, 73 hospitals, were located in rural 
areas. 

An investigation of trends in the perfor- 
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mance of rural and urban hospitals was un- 
dertaken by comparing 11 standard measures 
which characterize a hospital’s operations. The 
operative characteristics were: average num- 
ber of beds; average total expenses; average 
payroll expenses; average number of FTE em- 
ployees; average number of admissions; aver- 
age occupancy rate; average length of stay 
(ALOS); average number of employees per oc- 
cupied bed; average total expenses per patient 
day; average payroll expenses per patient day; 
and average ratio of payroll to total expenses. 
Measures involving total or payroll expenses 
were not adjusted for outpatient costs. 

The trends were identified by use of Analysis 
of Variance (ANOVA) (Table 1). For a trend 
to be significant, a general trend from 1983 
through 1985 to 1987 had to be present. To 
identify internal differences in the trend, ie., 
differences between time periods, Tukey in- 
ternal contrasts were performed. The internal 
contrasts will not identify a significant differ- 
ence if an overall F is not significant. 


RESULTS 


None of the non-normalized measures (av- 
erage number of beds, average total expenses, 
average payroll expenses, average FTE em- 
ployees, and average number of admissions) 
showed a significant trend. However, several 
normalized measures did exhibit significant 
trends. 

For the urban hospitals, occupancy rates ex- 
hibited a dramatic downward trend in the in- 
vestigated time period. The average occupan- 
cy rate of 77% in 1983 had dropped to 63% 
by 1985 and to 60% by 1987. However, the 
internal characteristics of the trends yielded a 
non-significant difference between 1985 and 
1987 even though occupancy rates continued 
to go down. Average length of stay failed to 
show a significant trend; however, the results 
yielded a drop from 1983 (6.8 days) to 1985 
(6.2 days). The rest of the trend is relatively 
flat with a value of 6.3 days in 1987. This 
suggests stabilization following the initial re- 
percussions of PPS. 

The ratio of number of employees per oc- 
cupied bed yielded a significant upward trend. 
The average number of employees per occu- 
pied bed in 1983 was 4.1; by 1987, the ratio 
had increased to 5.1. 

Average total expenses per patient day dis- 
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TaBLeE 1. Trends in operative characteristics for urban 
and rural hospitals: 1983-1987.! 


Operative Year 

Chara C= 

teristics 1983 1985 1987 Significance 
Average beds per hospital 

Urban 300.1 303.4 297.1 NS? 

Rural 97.4 96.7 101.9 NS 
Average total expenses (in $1,000) 

Urban 33,966 35,579 43,690 NS 

Rural 8,533 8,716 9,911 NS 
Average payroll expenses (in $1,000) 

Urban 16,573 16,563 20,180 NS 

Rural 4,013 4,058 4,307 NS 
Average FTE employees 

Urban 935.0 870.9 903.7 NS 

Rural 264.3 244.2 261.9 NS 
Average admissions per hospital 

Urban 12,091.9 11,071.6 10,156.5 NS 

Rural 4,460.2 4,143.7 3,777.8 NS 
Average occupancy rates 

Urban 76.8 62.8 60.4 P < 0.0001 

Rural 72.6 58.9 51.8 P< 0.0001 
Average length of stay 

Urban 6.8 6.2 6.3 NS 

Rural 6.0 5.1 5.1 P< 0.0001 
Average FTE employees per occupied bed 

Urban 4.1 4.6 5.1 P< 0,0003 

Rural 3.5 4.2 48 P< 0.0001 
Average total expenses per patient day 

Urban 376 486 620 P < 0.0001 

Rural 288 381 506 P < 0.0001 


Average payroll expenses per patient day 


Urban 181 220 286 P < 0.0001 

Rural 132 194 221 P< 0.0001 
Average ratio of payroll expenses to total expenses 

Urban 0.48 0.46 0.46 NS 

Rural 0.46 0.54 0.44 NS 

' For all measures, Urban n = 28 and Rural n = 73 


? NS represents P > 0.05. 


played a significant upward trend, with a dif- 
ference of $244 per patient day between 1983 
and 1987. This rise suggests a steadily increas- 
ing amount of outlays. When examined for 
internal differences among time periods, each 
yielded a significant value. In a similar fashion, 
the average payroll expenses per patient day 
exhibited an upward trend. Although the 
movement is in an upward direction from 1983 
($181) to 1985 ($220) the difference is not sta- 
tistically significant. However, the difference 
is much steeper from 1985 to 1987 ($220 to 
$286), thereby contributing to the overall sig- 
nificant effect. 
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Fic. 1. Trends in occupancy for rural and urban hospi- 
tals: 1983-1987. Note: x signifies a significant internal dif- 
ference 


The analyses of the rural hospitals also dis- 
covered a trend of decreasing occupancy; how- 
ever, as Figure | illustrates, the implications 
of the trend in occupancy may be more serious 
for the rural institutions. Not only is the av- 
erage occupancy rate less for rural hospitals 
than for urban hospitals at every measured 
time period, but also in the period of 1985- 
1987 the urban trend tends to level off while 
the rural hospitals continue to show a signifi- 
cant, if less precipitous, decrease. 

A related measure showed similar but more 
extreme effects in the rural hospitals compared 
with the urban hospitals. The average length 
of stay in the rural hospitals yielded a signif- 
icant downward trend. For both groups of hos- 
pitals, the primary effect of PPS was in the 
period just following its introduction in 1983. 
In the rural hospitals, the effect is significant 
in the period of 1983-1985, whereas the ALOS 
did not change from 1985-1987. In compari- 
son, the ALOS in the urban hospitals dropped 
from 6.8 days in 1983 to 6.2 days in 1985, and 
then rose slightly to 6.3 days in 1987. 

The average number of employees per oc- 
cupied bed also showed an effect similar to 
that found among the urban hospitals—an in- 
creasing number of employees per occupied 
bed. However, among the rural hospitals this 
effect is more dramatic than among the urban 
hospitals. Whereas the urban hospitals yield a 
significant main effect, there are no significant 
internal differences. On the other hand, the 
rural hospitals show significant differences be- 
tween each of the measured periods. 

The rural hospitals exhibited the same steep 
increase in total expenses per patient day as 
found among the urban hospitals. Significant 
differences were observed between all time pe- 
riods. Further, the average total expenses per 
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patient day jumped from $288 in 1983 to $506 
in 1987, an increase of 76%. Likewise, the av- 
erage payroll expenses per patient day showed 
a significant upward trend. This finding is sim- 
ilar to that found among the urban hospitals. 
It should be noted, however, that an internal 
examination shows a significant difference in 
the urban hospitals between 1985 and 1987 
but not between 1983 and 1985. In contrast, 
the rural hospitals showed a significant differ- 
ence only between 1983 and 1985. 

A final result with notable implications came 
to light while investigating the ratio of payroll 
expenses to total expenses. Although no sig- 
nificant trend was discovered for either of the 
groups of hospitals, an important difference 
was noted. From 1983 to 1987 the ratio of 
payroll expenses to total expenses in the urban 
hospitals changed little, with only a slight dip 
(0.48 to 0.46) from 1983 to 1985. Rural hos- 
pitals showed similar results in 1983 and 1987 
(0.46 to 0.44) but yielded a large peak in great- 
er payroll expenses per total expenses in 1985 
(0.54) (Fig. 2). 


DIscussION 


The major purpose of the present study was 
to obtain an understanding of hospital perfor- 
mance since the introduction of the Prospec- 
tive Payment System, specifically the differ- 
ential impact on rural and urban hospitals in 
Kentucky. The organizational responses of these 
institutions show trends of decreased utiliza- 
tion from 1983 to 1987. This supports the pre- 
diction of reduced utilization since the intro- 
duction of PPS. Moreover, the declines in 
utilization were steeper among rural than ur- 
ban hospitals. Specifically, occupancy yielded 
a decreasing trend in both groups; but it re- 


HospITAL PROSPECTIVE PAYMENT SYSTEM IN KENTucKy—Shelby and Mainous 


mained steeper among the rural hospitals. 
Likewise, average length of stay declined in 
both groups, although not significantly among 
the urban group. 

The impact of PPS seemed to stabilize after 
its initial introduction. The effects in all the 
hospitals seemed to be more dramatic between 
1983 and 1985 than between 1985 and 1987. 
Following the predictions, the effects on uti- 
lization has been more severe for the rural 
hospitals. Occupancy rates in Kentucky’s rural 
hospitals dropped less dramatically than in the 
urban hospitals from 1985 to 1987, but they 
did not level off at the rate among the urban 
hospitals. Although both groups of institutions 
showed a drop in ALOS and a later stabiliza- 
tion between 1985 and 1987, only the rural 
hospitals exhibited a significant downward 
trend. 

Further supportive evidence of stabilization 
occurs in the ratio of payroll to total expenses. 
With this measure, there was a clear transi- 
tional stage in 1985, during which rural hos- 
pitals relied excessively upon labor while urban 
facilities maintained previous ratios. However, 
by 1987 the rural hospitals’ ratio of payroll to 
total expenses exhibited the same stabilization 
found among other operative characteristics. 
A possible explanation for the rise in the ratio 
during the transitional phase is that rural hos- 
pitals were slower in substituting less expensive 
input (capital) for more expensive input (labor) 
(3). Although there was an indication of the 
strategic implementation of this move from 
labor to capital, it should be noted that the 
average number of employees per occupied 
bed has continued to rise. This suggests that 
even though utilization has declined, layoffs 
have not moved at the same pace. 

An alternative explanation for the rise in the 
ratio could be that hospitals adopted a strategy 
of controlling utilization without controlling 
costs, regardless of patient mix. Consequently, 
patient days decreased while expenses re- 
mained relatively constant. 

Despite the fact that expenses (both total and 
payroll) did not show a significant trend since 
the implementation of PPS, both payroll and 
total expenses per patient day yielded upward 
trends. Although not specifically predicted, this 
effect was not unexpected for two reasons. First, 
as occupancy decreases, measures of expenses 
per patient day increase. Second, the decrease 
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in utilization due to PPS affected both the size 
and mix of the pool of patients using inpatient 
services. The smaller patient pool is now com- 
posed of people who are sicker and need more 
specialized and intensive treatment (22). As a 
result, specialized treatments and complex 
technologies are needed. These services re- 
quire more highly trained personnel and lead 
to higher overall expenses. 

Results of the study support those who claim 
that increased hospital closures are indicative 
of increased stress within the hospital industry 
as a whole rather than isolated failures of less 
than optimal facilities. The findings suggest 
that there is a continuum of distress among 
hospitals. While some have closed, the re- 
maining institutions exhibit deleterious, albeit 
non-fatal, effects. Moreover, while rural facil- 
ities face a greater threat of closure, rural in- 
stitutions that do survive perform at levels low- 
er than their urban counterparts. 

The present investigation suggests two di- 
rections for future research. First, it may be 
useful to examine the effects of PPS with a 
national sample. Such a study would tell 
whether the present findings are generalizable 
in explaining the effect of PPS and might clar- 
ify and extend the stabilization argument for- 
warded here. Second, the present analysis could 
be extended to include data from 1989 and 
thereby examine the continuation of the trends. 
This would enhance knowledge of the appar- 
ent stabilization following the initial reaction 
to PPS. 


LITERATURE CITED 


1. Russell, L. 1989. Medicare’s new hospital payment 
system. The Brookings Institution, Washington, D.C. 

2. Haglund, C. L. and W. L. Dowling. 1988. The 
hospital. Pp. 160-212. In S. Williams and P. Torrens (eds.) 
Introduction to health services, 3rd ed. John Wiley and 
Sons, Inc., New York. 

3. Inglehart, J. K. 1986. Early experience with pro- 
spective payment of hospitals. New England J. Med. 314: 
1460-1464. 

4. Frederick, L. 1985. Why rural hospitals are going 
down for the count. Med. Econ. 62:25-33. 

5. Damasauskas, R. 1988. Health care environment: 
access, payment, and the rural hospital. Pp. 43-63. In L. 
Straub and N. Walzer (eds.) Financing rural health care. 
Praeger Publishers, New York. 

6. Bailey, R. S. 1987. The plight of rural hospitals: 
there's no single cure. Health Manag. Quart. 9:16-18. 

7. Tauke, T. J. 1985. Rural hospitals suffer prospective 
payment inequities. Bus. Health 2:37-41. 


126 


8. Medicare: Share of hospital's use and revenue. 1988. 
{GAO/HRD-88-44BR] U.S. Gen. Account. Off., Washing- 
ton, D.C. 

9. Johnson, D. E. L. and Associates. 1989. Marion 
managed care digest: HMO edition, 1989. Marion Labo- 
ratories, Inc., Kansas City, Missouri. 

10. Luce, B. R. 1988. Medical technology and its as- 
sessment. Pp. 281-307. In S. Williams and P. Torrens (eds. ) 
Introduction to health services, 3rd ed. John Wiley and 
Sons, Inc., New York. 

1l. Aday, L. A. and S. M. Shortell. 1988. Indicators 
and predictors of health services utilization. Pp. 51-81. In 
S. Williams and P. Torrens (eds.) Introduction to health 
services, 3rd ed. John Wiley and Sons, Inc., New York. 

12. U.S. Bureau of the Census. 1983. City and county 
data book, 1983. U.S. Government Printing Office, Wash- 
ington, D.C. 

13. Shelby, R. L. and A. G. Mainous. 1990. A com- 
parison of Kentucky rural and urban hospitals. Kentucky 
Hospitals (in press). 

14. Berry, D. E. and J. W. Seavey. 1985. Research on 
hospital closures: implications for Kentucky. Kentucky 
Hospitals 3:12-17. 


TRANS. KENTUCKY ACADEMY OF SCIENCE 51(3-4) 


15. Mullner, R. and D. McNeil. 1986. Rural and urban 
hospital closures, a comparison. Health Affairs 5:131-141. 

16. Mullner, R., D. Whiteis, and D. McNeil. 1988. 
Record year for closures in 1987. Hospitals 62:33-36. 

17. Berry, D. E., T. Tucker, and J. Seavey. 1987. Ef- 
ficacy of system management or ownership as options for 
distressed small rural hospitals. J. Rural Health 3:61-75. 

18. American Hospital Association. 1988b. 1988 Hos- 
pital statistics. Amer. Hospital Assoc., Chicago, Illinois. 

19. American Hospital Association. 1984. American 
Hospital Association guide to the health care field, 1984 
edition. Amer. Hospital Assoc., Chicago, Illinois. 

20. American Hospital Association. 1986. American 
hospital association guide to the health care field, 1986 
edition. Amer. Hospital Assoc., Chicago, Illinois. 

21. American Hospital Association. 1988a. American 
hospital association guide to the health care field, 1988 
edition. Amer. Hospital Assoc., Chicago, Illinois. 

22. Mullner, R., R. J. Rydman, and D. Whiteis. 1989. 
Rural hospital survival, an analysis of facilities and services 
correlated with risk of closure. MS submitted. 


Trans. Ky. Acad. Sci., 51(3-4), 1990, 127-134 


The Caddisflies (Insecta: Trichoptera) of the Buck Creek 
System, Pulaski County, Kentucky 


MICHAEL A. FLoyD! AND GUENTER A. SCHUSTER 


Department of Biological Sciences, Eastern Kentucky University, Richmond, Kentucky 40475 


ABSTRACT 


Seventy nine species of caddisflies, representing 15 families, were identified from collections obtained 
from the Buck Creek system, Pulaski County, Kentucky. Ten species, Hydroptila gunda, Oxyethira forcipata, 
O. zeronia, Polycentropus centralis, Brachycentrus nigrosoma, Lepidostoma pictile, Ceraclea nepha, C. 
protonepha, and Ptilostomis postica, were new distributional records for Kentucky. Four species of the 
family Hydroptilidae were new to science. Some species showed a preference for stream size, and an average 
of 37 species was found at each station. Flight periods of some species were characterized by continuous 
emergence and no cohort structure, some by short periods of synchronous emergence, and others by two or 


more periods of emergence. 


INTRODUCTION 


Very little is known about the distribution 
of Trichoptera in Kentucky. The only attempt 
at a complete list of Kentucky Trichoptera was 
by Resh (1), who reported 175 species from 
the state. The majority of these records came 
from the Salt River watershed, Kentucky River 
system, Cumberland River drainage, and the 
Levisa Fork of the Big Sandy River system, 
Ohio River drainage. Other systems, such as 
the Green River, Licking River, and Tygarts 
Creek, have been sparsely studied or com- 
pletely overlooked by investigators. 

Since 1975, an additional 13 species have 
been reported by Picazo and DeMoss (2), 
Thoeny and Batch (3), Haag and Hill (4), and 
Phillippi and Schuster (5), bringing the tri- 
chopteran fauna of Kentucky to 188 species. 
This is greater than the 153 species reported 
from Arkansas (6), but is smaller than the 219 
species reported from Ohio (7, 8), the 239 
species reported from Virginia (9), and the 298 
species reported from Tennessee (10). It is clear 
that additional collecting of caddisflies in Ken- 
tucky is needed, and future investigations 
throughout Kentucky will likely yield new dis- 
tributional records. 

Objectives of this study included the follow- 
ing: (1) determine the trichopteran fauna of 
the Buck Creek system; (2) examine the lon- 
gitudinal distribution of Trichoptera in the 


1 Present address: Department of Entomology, Clemson 
University, Clemson, South Carolina 29634-0365. 


Buck Creek mainstem; and (3) determine the 
flight periods of all species. Although there 
have been numerous collections of Trichoptera 
from the Cumberland River drainage, many 
of the major tributaries (e.g., Buck Creek) have 
not been investigated. This study further ex- 
pands on the distributional records given by 
Resh (1), which included no records from Buck 
Creek. Because Buck Creek was considered to 
be a stream of high water quality (11, 12) and 
is considered to be one of the least impacted 
streams of the Cumberland River drainage, as 
reflected by the diversity of species in such 
groups as freshwater mussels (13) and fishes 
(14), it showed the potential to support a di- 
verse Trichoptera fauna. 


Stupy AREA 


Buck Creek is a fifth order tributary of the 
Cumberland River and lies almost entirely in 
Pulaski County, Kentucky, with the exception 
of its headwaters in Lincoln County, Kentucky 
and additional tributaries arising in Rockcastle 
County (13). The stream drains 767 km? and 
has a length of 107.2 km before emptying into 
the Cumberland River (Lake Cumberland) at 
river km 858. The mean width of Buck Creek 
is less than 20 m, and the mean depth is less 
than 2 meters (14). The stream’s gradient is 
1.25 m/km (14), and the mean flow is esti- 
mated to be 11.7 km?/m (16). Buck Creek has 
high water quality, is well oxygenated, and is 
well buffered (11, 12). 

Almost the entire length of Buck Creek lies 
within the Eastern Highland Rim subsection 


127 


128 


ee 


North 
Brushy Creek 
Buck Creek 
Short 
Scale Creek 
ionlealee io! 
km 0 5 10 15 20 
Buck 


Cumberland River 


Fic. 1. Map of Buck Creek mainstem, Kentucky, show- 
ing collection sites (modified after Butler 1985). 


of the Interior Low Plateau Physiographic 
Province. The surface rock is composed pri- 
marily of Mississippian Age limestone with 
some exposed shale bedrock in the northern 
and eastern part of the basin (13). Karst to- 
pography and sinking creeks (e.g., Short Creek) 
are common here, especially south of latitude 
37°17'00”. The lower mainstem, south of State 
Route (SR) 80, is entrenched in the western 
limit of the Cumberland Plateau Physiograph- 
ic Province, and erosion-resistant, Pennsylva- 
nian-age sandstone is found on the surface (14). 

The upper portions of Buck Creek are com- 
posed of numerous braids that become stag- 
nant pools or completely dry up in the summer. 
The substrate is coarse sand, gravel, and small 
cobbles. Further downstream, the substrate is 
composed of coarse limestone rubble and slab 
boulders with some cracked bedrock (13). The 
watershed is mostly farmland, but much of the 
stream margin is forested. Forests are most 
common in the lower one third of the system, 
some of which are included in the Daniel Boone 
National Forest. Coal strip-mining and lime- 
stone quarries are found south of SR 80, but 
comprise less than 1% of the watershed. Some 
gravel-mining has occurred in the upper one 
third of the system, especially near the SR 39 
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crossing. The Soil Conservation Service has 
constructed 2 small flood control reservoirs (15 
and 11 ha) on Buck Creek in Lincoln County 
(13, 14). 


MATERIALS AND METHODS 


Adult caddisflies were collected from 8 sta- 
tions on Buck Creek and from additional sites 
on Brushy Creek and Short Creek (Fig. 1). 
Exact localities for these 10 stations are given 
in Table 1. Collections were made biweekly 
from each station beginning 22 April 1988, and 
ending 25 October 1988. Caddisflies were col- 
lected with light traps consisting of a camping 
lantern (Dorcy) equipped with a 6 W fluores- 
cent black light bulb (power supplied by six 
“D” cell rechargeable batteries) and a plastic 
tray (35 cm X 20 cm X 5 cm) filled with 
approximately 500 ml of 70% ethanol. Collec- 
tions were begun approximately 30 minutes 
before sunset and continued for 2 hours. 

Based on sight identification, caddisflies were 
separated into distinct groups, and many sam- 
ples contained far too many individuals for 
complete separation, so subsamples were tak- 
en. Adult males were identified to species, but 
females were identified only to the generic 
level (some females were identified to species 
if identification was certain). It is estimated 
that a total of 10,000 caddisfly adults were 
examined. 

Many of the male genitalia had to be cleared 
in a concentrated solution of potassium hy- 
droxide (KOH) in order to make a positive 
identification. This was done according to the 
method described by Schuster and Etnier (17). 


RESULTS AND DISCUSSION 


Seventy nine species of caddisflies, repre- 
senting 15 families, were identified from col- 
lections from Buck Creek, Brushy Creek, and 
Short Creek (Tables 2, 3). The family Lepto- 
ceridae was represented by the largest number 
of species, 19, followed by the Hydroptilidae, 
18, Hydropsychidae, 10, Polycentropodidae, 7, 
and the Glossosomatidae, 5. 

Ten species, Polycentropus centralis Banks, 
Brachycentrus nigrosoma (Banks), Lepidos- 
toma pictile (Banks), Ceraclea nepha (Ross), 
C. protonepha Morse and Ross, Ptilostomis 
postica (Walker), Hydroptila gunda Milne, 
Oxyethira forcipata Mosely, O. zeronia Ross, 
and Neophylax acutus Vineyard and Wiggins 
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TABLE l. 
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Localities for collecting stations on Buck Creek, Brushy Creek, and Short Creek. 


STATION 


Kentukcy. 


Kentucky. 


County, Kentucky. 


Kentucky. 


Kentucky. 


were new distributional records for the state 
of Kentucky. With the exception of H. gunda 
and N. acutus, none of these represented range 
extensions. Collection of N. acutus in Ken- 
tucky represents a northern range extension of 
this species, as it had been reported only from 
northeastern Alabama and 2 sites southeast of 
Nashville, Tennessee (18). Hydroptila gunda 
was known from Georgia, New Hampshire, 
Virginia, South Carolina, Alabama, and north- 
eastern Ohio (8, 19), and its collection in Ken- 
tucky represents a western range extension. 
Forty species (Tables 2, 3) represented new 
distributional records for the Cumberland Riv- 
er drainage. 


LOCALITY 


Buck Creek, SR 328 bridge crossing, approx. 8.3 km NW of 
Woodstock and .8 km SSW of OK, Pulaski County, Kentucky. 


Buck Creek, SR 70 bridge crossing, approx. 2.5 km SW of 
Clarence and 5.8 km WNW of Woodstock, Pulaski County, 


Buck Creek, KY SR bridge crossing, approx. 3.2 km S of 
Woodstock and 7.7 km ESE of Eubank, Pulaski County, 


Brushy Creek, Elrod Road bridge crossing, Elrod, Pulaski 
Buck Creek, old SR 461 bridge crossing, approx. | km SSE of 


Elrod and 3.3 km ENE of Welborn, Pulaski County, Kentucky. 


Buck Creek, SR 1677 bridge crossing, approx. 2.2km W of Dahl 
and 4 km NW of Stab, Pulaski County, Kentucky. 


Buck Creek, old SR 80 bridge crossing, Stab, Pulaski County, 
Short Creek, along Short Creek Road near Pleasant Run Church, 
1 km ESE of Stab, Pulaski County, Kentucky. 


Buck Creek, SR 1003 bridge crossing, approx. 7.2 km S of Stab 
and 5 km N of Dykes, Pulaski Copunty, Kentucky. 


Buck Creek, SR 192 bridge crossing, approx. 16.5 km E of 
Somerset and 5.2 km NW of Mt. Victory, Pulaski County, 


Three species of Hydroptila and one species 
of Ochrotrichia were found to be new to sci- 
ence (Table 2). Two of these new Hydroptila 
species, Hydroptila sp. 1 and Hydroptila sp. 
2, were the most common and abundant mem- 
bers of the family Hydroptilidae in the Buck 
Creek system. A species of Orthotrichia was 
found to be near that of O. curta Kingsolver 
and Ross, but its true identity remains to be 
determined. The 4 undescribed species, plus 
10 new Kentucky distributional records re- 
ported here, brings the state’s Trichoptera fau- 
na up to 202 species. 

Examination of the longitudinal distribution 
of Trichoptera (Tables 4, 5) revealed that 9 
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TaBLE 2. Seasonal occurrence of adults of the suborder Annulipalpia from the Buck Creek Drainage. 


GLOSSOSOMATIDAE 
Agapetus hessi Leonard and Leonard 
Agapetus illini Ross + 
Glossosoma nigrior Banks 
Matriopula jeanae (Ross) 
Protoptila maculata (Hagen) 


HYDROPSYCHIDAE 
Ceratopsyche cheilonis (Ross) 
Ceratopsyche sparna (Ross) 
Cheumatopsyche campyla Ross 
Cheumatopsyche harwoodi harwoodi 

Denning 
Cheumatopsyche oxa Ross + 
Cheumatopsyche petuit (Banks) 
Hydropsyche betteni Ross 
Hydropsyche dicantha Ross 
Hydropsyche frisoni Ross 
Macrostemum zebratum (Hagen) 


HYDROPTILIDAE 
Dibusa angata Ross 
Hydropula armata Ross 
Hydroptila consimilis Morton 
Hydropula gunda Milne *+ 
Hydroptila hamata Morton 
Hydroptila sp. 1 *+ 
Hydropula sp. 2 *+ 
Hydroptila sp. 3 *+ 
Hydroptila waubesiana Betten 
Ochrotrichia shawnee (Ross) 
Ochrotrichia sp. 1 *+ 
Orthotrichia aegerfasciella (Chambers) 
Orthourichia nr. curta Kingsolver and 

Ross 
Oxyethira forcipata Mosely *+ 
Oxyethira pallida (Banks) 
Oxyethira zeronia Ross *+ 
Stactobiella delira (Ross) 
Stactobiella palmata (Ross) 

PHILOPOTA MIDAE 
Chimarra obscura (Walker) 
Wormaldia shawnee (Ross) + 


POLY CENTROPODIDAE 
Cymellus fraternus (Banks) + 
Nyctiophylax affinis (Banks) + 
Phylocentropus placidus (Banks) 
Polycentropus centralis Banks *+ 
Polycentropus cinereus (Hagen) + 
Polycentropus confusus Hagen 
Polycentropus elarus Ross 

PSYCHOMYIDAE 
Lype diversa (Banks) 
Psychomyia flavida Hagen 

RHYACOPHILIDAE 
Rhyacophila carolina Banks 
Rhyacophila carpenteri Milne + 
Rhyacophila lobifera Betten + 


JULY AUGUST SEPTEMBER OCTOBER 
2.53) Ab A 2) 8S) A A 2 8) SS 2s 


* = New distributional record for Kentucky. a = Numbers represent collection periods, not dates. + = New distributional record for the Cumberland River 


Drainage 
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TaBLE 3. Seasonal occurrence of adults of the suborder Integripalpia from the Buck Creek Drainage. 


BRACHYCENTRIDAE 
Brachycentrus nigrosoma (Banks) *+ 
Micrasema rusticum (Hagen) 


GOERIDAE 
Goera calcarata Banks 


HELICOPS YCHIDAE 
Helicopsyche borealis (Hagen) 


LEPIDOSTOMATIDAE 
Lepidostoma pictile (Banks) *+ 
Lepidostoma togatum (Hagen) 


LEPTOCERIDAE 
Ceraclea ancylus (Vorhies) + 
Ceraclea cancellata (Betten) 
Ceraclea maculata (Banks) + 
Ceraclea nepha (Ross) *+ 
Ceraclea protonepha Morse and Ross * 
Ceraclea resurgens (Walker) 
Ceraclea tarsipunctata (Vohries) 
Ceraclea transversa (Hagen) + 
Mystacides sepulchralis (Walker) 
Nectopsyche exquisita (Walker) 
Oecetis cinerascens (Hagen) + 
Oecetis ditissa Ross + 
Oecetis inconspicua (Walker) 
Oecetis nocturna Ross + 
Oecetis persimilis (Banks) + 
Triaenodes ignitus (Walker) + 
Triaenodes injustus (Hagen) 
Triaenodes melacus Ross + 
Triaenodes tardus Milne + 


LIMNEPHILIDAE 
Pycnopsyche guttifer (Walker) + 
Pycnopsyche lepida (Hagen) + 


PHRYGANEIDAE 
Agrypnia vestita (Walker) + 
Phryganea sayi Milne + 
Ptilostomis postica (Walker) *+ 


UENOIDAE 
Neophylax acutus Vineyard 
and Wiggins *+ 
Neophylax fuscus Banks + 


APRIL poe fe JUNE JULY AUGUST SEPTEMBER | OCTOBER 
Erws 


| | (H 


* = New distributional record for Kentucky. a = Numbers represent collection periods, not dates. + = New distributional record for the Cumberland River 


Drainage 


species were found at all stations, 13 species 
were found only in the fourth order portion 
(stations 1, 2, and 3) of Buck Creek, and 15 
species were found only in the fifth order por- 
tion (stations 5, 6, 7, 9, and 10) of Buck Creek. 
Two species, Ceratopsyche sparna (Ross) and 
Hydropsyche dicantha Ross, were collected 
only from Short Creek (station 8). Both species 
were likely present in Buck Creek, since both 


were reported from Buck Creek by Butler (15) 
at the SR 1677 bridge crossing (station 6). 
The number of species per station ranged 
from 33 (station 1) to 48 (station 2) and av- 
eraged 37. It is likely that most species in the 
Buck Creek system were univoltine. The lim- 
nephilid species Pycnopsyche guttifer (Walk- 
er) and Pycnopsyche lepida (Hagen) repre- 
sented 2 possible semivoltine species. Periods 
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TABLE 4. Longitudinal distribution of the suborder Annulipalpia in the Buck Creek Drainage. 


STATION 


Agapetus hessi 
Agapetus illini 
Glossosoma nigrior 
Matrioptila jeanae 
Protoptila maculata 
Ceratopsyche cheilonis 
Ceratopsyche sparna 
Cheumatopsyche campyla 
Cheumatopsyche h. harwoodi 
Cheumatopsyche oxa 
Cheumatopsyche pettiti 
Hydropsyche betteni 
Hydropsyche dicantha 
Hydropsyche frisoni 
Macrostemum zebratum 
Dibusa angata 
Hydroptila armata 
Hydroptila consimilis 
Hydroptila gunda 
Hydroptila hamata 
Hydroptila sp. 1 
Hydroptila sp. 2 
Hydroptila sp. 3 
Hydroptila waubesiana 
Ochrotrichia shawnee 
Ochrotrichia sp.1 
Orthotrichia aegerfasciella 
Orthotrichia nr. curta 
Oxyethira forcipata 
Oxyethira pallida 
Oxyethira zeronia 
Stactobiella delira 
Stactobiella palmata 
Chimarra obscura 
Wormaldia shawnee 
Cyrnellus fraternus 

Ty +t] a, ic 
Nyctiophylax affinis : SS 
Phylocentropus placidus = 
Polycentropus centralis 
Polycentropus cinereus 
Polycentropus confusus 
Polycentropus elarus 
Lype diversa 
Psychomyia flavida 
Rhyacophila carolina 
Rhyacophila carpenteri 
Rhyacophila lobifera 
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TaBLeE 5. Longitudinal distribution of the suborder Integripalpia in the Buck Creek Drainage. 


Brachycentrus nigrosoma 
Micrasema rusticum 
Goera calcarata 
Helicopsyche borealis 
Lepidostoma pictile 
Lepidostoma togatum 
Ceraclea ancylus 
Ceraclea cancellata 
Ceraclea maculata 
Ceraclea nepha 
Ceraclea protonepha 
Ceraclea resurgens 
Ceraclea tarsipunctata 
Ceraclea transversa 
Mystacides sepulchralis 
Nectopsyche exquisita 
Oecetis cinerascens 
Oecetis ditissa 
Oecetis inconspicua 
Oecetis nocturna 
Oecetis persimilis 
Triaenodes ignitus 
Triaenodes injustus 
Triaenodes melacus 
Triaenodes tardus 
Pycnopsyche guttifer 
Pycnopsyche lepida 
Agrypnia vestita 
Phryganea sayi 
Ptilostomis postica 
Neophylax acutus 
Neophylax fuscus 


of emergence (Tables 2, 3) seemed to follow 3 
patterns. Some species (e.g., Chimarra ob- 
scura, Oecetis inconspicua) were collected 
during almost every collecting period. This 
suggested continuous emergence with no co- 
hort structure. Other species (e.g., Hydro- 
psyche dicantha, Wormaldia shawnee) had 
single, short periods of synchronous emergence 
thereby displaying one evident cohort. Still 
other species (e.g., Cheumatopsyche oxa, Poly- 
centropus confusus) displayed 2, short periods 
of synchronous emergence which suggested the 
presence of 2 cohorts. An aquatic mite, Albia 
sp. (Aturidae), was present on 3 leptocerid 
species, Oecetis inconspicua, O. ditissa, and 
O. cinerascens. It was also present on females 


STATION 


of Ceraclea and Triaenodes. These mites have 
been reported to parasitize members of the 
Hydropsychidae, Leptoceridae, Molannidae, 
and Leptoceridae (20). 

Although Buck Creek is one of the least im- 
pacted tributaries of the Cumberland River 
and contains a diverse array of aquatic organ- 
isms (11, 12, 13, 14, 15), it has been signifi- 
cantly impacted (13). There has been extensive 
gravel-mining activities in Buck Creek at the 
SR 39 bridge crossing (station 3). Butler (15) 
reported decreased diversity of macroinver- 
tebrates at this site, and Schuster et al. (13) 
found very few species of unionids. Surpris- 
ingly, this site produced 40 species of Tri- 
choptera, the second highest number in the 
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study. The lower portions of Buck Creek are 
impounded due to Lake Cumberland. Schuster 
et al. (13) reported only two unionid species 
from this segment. Other activities such as ag- 
riculture have led to the use of herbicides and 
pesticides which enter Buck Creek as surface 
runoff, and clearcutting of riparian vegetation 
has increased siltation. Finally, a series of low 
level dams has been proposed for the entire 
length of Buck Creek by the Soil Conservation 
Service (14). All of these could have a serious 
effect on the caddisfly fauna of Buck Creek. 
In order to maintain the high diversity of Tri- 
choptera and other aquatic organisms in the 
Buck Creek system, it is suggested that period- 
ic measuring of water quality parameters and 
sampling of aquatic organisms be carried out. 
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ABSTRACT 


A feeding experiment was conducted for an 11-wk period in aquaria in which channel catfish, Ictalurus 
punctatus, fingerlings were fed diets containing 0, 10, 20, and 40% distillers grains with solubles (DGS), 
replacing some of the soybean meal and corn. After 11 wk, no significant differences in individual fish 
weight, percentage survival, or feed conversion were found among treatments (P > 0.05). Final individual 
weights were 17.3, 15.2, 13.2, and 16.5 g for fish fed diets containing 0, 10, 20, and 40% DGS, respectively. 
Feed conversion values averaged 3.0 for all treatments. Total length of fish fed 20% DGS were significantly 
smaller (107.4 mm) than fish fed the other diets (P < 0.05). These data indicate that distillers grains with 
solubles are suitable ingredients in channel catfish diets. 


INTRODUCTION 


Fish meal is the preferred protein source in 
fish diets; however, high cost has encouraged 
evaluation of other protein sources (1, 2, 3). 
Soybean meal has been used as a major protein 
source in diets of channel catfish, Ictalurus 
punctatus (4); tilapia, Oreochromis aurea (5); 
trout, Oncorhynchus mykiss, (6); and common 
carp, Cyprinus carpio (7). However, fish meal 
and soybean meal are usually the most expen- 
sive diet ingredients. Fixed-feed formulations, 
currently used in the preparation of channel 
catfish diets, use a set list of ingredients irre- 
spective of ingredient prices. “Least-cost” feed 
formulations offer economic advantages in the 
preparation of a nutritious diet by changing 
formulations as ingredient prices fluctuate. 
However, before individual feedstuffs can be 
considered for inclusion, nutritional quality 
must be evaluated. 

Distillers by-products were evaluated in fish 
diets as early as the 1940s (8). However, their 
use has been extremely limited. Sinnhuber (9) 
reported that a diet with 3% distillers dried 
solubles was readily accepted by trout. Robin- 
ette (10) stated that 7.5% distillers grains with 
solubles (DGS) could be included in a 36% 
protein channel catfish diet. A diet containing 
15% distillers dried solubles was found to be 
adequate in catfish diets (11). 

The nutritional requirements of channel cat- 
fish have been further elucidated since these 
early studies (12, 13, 14). It seems likely that 


a higher percentage of DGS could be included 
in a channel catfish diet. Biochemical com- 
position of DGS indicates that a rate of 30% 
could probably be used in catfish diets when 
10% fish meal is added (15). The objective of 
this study was to evaluate DGS as a partial 
replacement for soybean meal and corn in a 
32% protein channel catfish fingerling diet. 


MATERIALS AND METHODS 


Ten full-sibling channel catfish (1.5 g) were 
randomly stocked into 16 40-liter glass aquaria 
provided with continuously-flowing water 
(26°C). The water-flow rate through each 
aquarium was maintained constant throughout 
the experiment (1.6 liters/min). Water was re- 
circulated through a biological filter for me- 
tabolite removal and was treated by UV illu- 
mination to control pathogenic organisms. 

Black plastic covered the front and sides of 
all aquaria to minimize disturbances (16). Dis- 
solved oxygen and temperature were mea- 
sured daily (Yellow Springs Instruments, Mod- 
el 57). Ammonia, nitrite, and nitrate 
concentrations were measured twice weekly 
and alkalinity, hardness, and chloride were 
measured every two wk using a DREL/5 spec- 
trophotometer (Hach Company, Loveland, 
Colorado) (Table 1). Determination of pH was 
made twice weekly using an electronic pH me- 
ter (Omega Engineering, Inc., Stamford, Con- 
necticut). 

All diets were formulated isocaloric (2.4 kcal / 
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TaBLe 1. Summary of water quality analyses throughout 
the 11 week experiment 


Parameter N! Concentration (mg/liter)? 
Alkalinity 5 33.3 + 3.1 
Chloride 5 1,489.2 + 113.6 
Dissolved oxygen 76 7.1+0.2 
Hardness 5 272.0 + 58.7 
Nitrate 22 11> 2 15 
Nitrite 22 0.06 + 0.01 
pH 22 Tel £012 
Temperature (°C) 76 27.0 + 1.0 
Total ammonia nitrogen 22 0.13 + 0.01 


' Represents the number of samples analyzed throughout the experiment 
? Values are means + SE 


g diet) and isonitrogenous (32% crude protein) 
(Table 2). The control diet was similar to a 
common commercial formulation and was 
composed of soybean meal, corn, fish meal, 
and vitamin and mineral supplements. Three 
experimental diets contained 10, 20, and 40% 
DGS, replacing equal parts of soybean meal 
and corn. All formulations met established nu- 
trient requirements of channel catfish (14). 
In preparing diets, dry ingredients were first 
ground to a small particle size (approximately 
250 wm) in a Wiley mill. Ingredients were 
thoroughly mixed and water was added to ob- 
tain a 50% moisture level. Diets were extruded 
into 1.6 mm-diameter strands and dried (32°C) 
for 24 hr. Percentage protein was determined 
using a nitrogen determinator (LECO FP-228, 
LECO Corp.) and percentage fat was deter- 


TABLE 2. Composition of four diets fed to channel catfish 
fingerlings. 
Diet 
Ingredient Control 1 2 3 

Soybean meal 49.5 44.5 39.5 29.5 
Corn 38.0 33.0 28.0 18.0 
Fish meal 8.0 8.0 8.0 8.0 
Rice bran 4.0 4.0 4.0 4.0 
DGs! 0.0 10.0 20.0 40.0 
Premix? 0.5 0.5 0.5 0.5 
Protein (%) 32.2 32.7 32.6 33.0 


Crude fat (%) 49 6.9 6.1 6.8 
DE (kcal/g diet)? 2.383 2.38 2.43 2.52 


‘DGS, distillers grains with solubles 

* Premix provided the following vitamins and minerals (IU or mg/kg diet): 
A (4532 IU), D (2266 IU), E (55 IU), K (11 mg), B12 (0.0088 mg), ascorbic 
acid (777.7 mg), folic acid (2.2 mg), riboflavin (13.2 mg), pantothenic acid 
(35.2 mg), niacin, (88 mg), choline (447.7 mg), choline chloride (515.9 mg), 
thiamine (11 mg), pyridoxine (11 mg), zinc (173 mg), iron (60 mg), copper 
(7.5 mg), iodine (3.75 mg), cobalt (1.6 mg), and manganese (180 mg). 

° Digestible energy was calculated from tabular values of the feed ingre- 
dients (National Research Council (14)) 
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Fic. 1. Weight of channel catfish fingerlings fed four 
diets containing 0, 10, 20, and 40% distillers grains with 
solubles. Values are means of 4 replications + SE. Means 
were not significantly different among treatments (P > 
0.05). 


mined by ether extraction (17). Digestible en- 
ergy (DE) values were estimated from DE val- 
ues of the diet ingredients (14). 

Fish were fed 8% of body weight per day 
in 2 equal feedings at 0800 and 1600 hr for 11 
weeks. The total number and weight of fish 
were determined and feed amounts were ad- 
justed weekly. Total length of all fish was mea- 
sured to the nearest 1.0 mm at the conclusion 
of the experiment. Feed conversion values were 
calculated as weight of food fed per wet weight 
gain. Protein efficiency ratio (PER) was de- 
fined as wet weight gain per gram of protein 
intake. All data were analyzed by analysis of 
variance using the SAS ANOVA procedure (18). 
Duncan's multiple-range test was used to de- 
termine where differences existed among 
treatments (19). 


RESULTS AND DISCUSSION 


Results indicate that distillers grains with 
solubles (DGS) can be used as partial replace- 
ments for soybean meal in channel catfish diets. 
After 11 weeks, no significant difference in 
individual body weight was observed in fish 
fed any of the diets (P > 0.05) (Fig. 1). Fish 
fed the control diet had a final body weight of 
17.3 g while fish fed diets with 10, 20, and 40% 
DGS weighed 15.2, 13.2, and 16.5 g, respec- 
tively. Using published amino acid levels from 
the National Research Council (14) when com- 
bined with 10% fish meal (rich in lysine), up 
to 30% DGS should be suitable in catfish diets 
(15). This study indicates that channel catfish 
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TaBLE3. Length, survival, feed conversion ratio (FCR), and protein efficiency ratio (PER) in channel catfish fingerlings 


fed four diets containing distillers grains with solubles.' 


Length 


Survival 


Diet (mm) (%) FCR PER 
Control 115.2 + 15.4% 67.5 + 12.68 2.85 + 0.40" 0.992 
10% DGS 114.1 + 17.3% 70.0 + 25.8? 3.23 + 0.86# 0.878 
20% DGS 107.4 + 16.7 80.0 + 21.63 3.20 + 0.91° 0.88 
40% DGS 117.8 + 13.48 90.0 + 14.1* 2.60 + 0.148 1.05* 


' Values are means + std. dev. of 4 replications. Means with the same superscript are not significantly different (P > 0.05) 


fed a diet containing 40% DGS had growth 
rates similar to fish fed the control diet. 

Diets containing DGS appeared to be pal- 
atable to channel catfish. Although percentage 
survival and feed conversion values were not 
significantly different (P > 0.05), fish fed a 
diet with 40% DGS had the highest survival 
(90.0%) and the lowest feed conversion (2.6) 
(Table 3). Fermentation and brewery by-prod- 
ucts usually are highly palatable and may be 
beneficial as flavor enhancers (15). Mortalities 
were probably the result of stocking extremely 
small (1.5 g) fish. Some fish could not be trained 
to accept prepared diets. No mortalities were 
found after the fourth week of feeding. 

Feed conversion values in this study were 
higher than usually reported for aquarium 
studies. This was probably due to feeding at a 
high percentage of body weight (8%) per day. 
This is higher than recommended (20); how- 
ever, feed supply must not be limiting in nu- 
trition experiments and overfeeding is more 
desirable than underfeeding (21). 

The protein efficiency ratio (PER) value av- 
eraged 0.95 for all treatments and did not dif- 
fer significantly among treatments (P > 0.05). 
Higher PER values indicate more efficient use 
of the diet. Overfeeding of fish probably re- 
sulted in lower PER values than reported by 
Lovell (22) and Robinson et al. (2), 1.70 and 
2.04, respectively. However, PER values are 
influenced by dietary protein percentage (23). 
Robinson et al. (2) fed low protein diets which 
may have resulted in the higher PER value. 

These data indicate that approximately 20% 
of the soybean meal can be replaced by DGS 
in conjunction with a 20% reduction in corn. 
Distillers grains with solubles are currently 
cheaper ($140/ton) and appear to be nutri- 
tionally adequate as a partial replacement for 
soybean meal ($200/ton). This should allow for 
greater flexibility in formulation of channel 
catfish diets. 
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Strategies for the Game ‘Master Mind”’ 


CHARLES H. FRANKE 


Department of Mathematics, Statistics and Computer Science, Eastern Kentucky University, 
Richmond, Kentucky 40475 


ABSTRACT 


Donald E. Knuth analyzed the game “Master Mind” and presented a strategy for solving the puzzle in a 
maximum of five moves. An alternate strategy, and programs that can be used to find strategies, are discussed. 


INTRODUCTION 


The game “Master Mind” is played using 
ordered sequences of 6 “colors,” which are 
denoted by R, W, B, Y, P, G. An ordered “com- 
bination” of 4 colors is chosen from the 6, with 
repetitions allowed. This is called the code. The 
object of the game is to determine the code by 
making a sequence of “moves.” After each 
move the player is told the number of colors 
in his move which are correct, and the number 
of his choices that appear in the code, counting 
multiplicities, but are not correct. An example 
of the game, for the code R B P B is as follows: 


move exact others 
1. RWBY 1 it 
2. RRBP 1 2, 
3. RBPG 3 0 
4. RBRG 2 0 
5. RBPB 4 0 


Donald E. Knuth presented a complete strat- 
egy to determine any code in a maximum of 
5 moves. The strategy started with the move 
RRWW. (Moves of this general form are the 
“best” in a sense which will be made precise 
below.) In his article, Knuth conjectured that 
it “is probably possible” to devise a strategy to 
win in 5 moves, starting with a first move of 
the form RRWB, but that “it appears to be 
impossible to guarantee a win in five” if one 
starts with a move of the form RWBY (1, page 
3). In this paper, a complete strategy guar- 
anteeing a win in 5 moves after starting with 
RWBY is given. The expected number of moves 
for this strategy, the strategy of (1), and 3 sim- 
ulations of a player are compared. Cases in 
which the method introduced by Knuth can 
and cannot be used as an algorithm to deter- 
mine optimal strategies are given. If one is 
restricted to moves that can possibly be the 


code, then a strategy is given that wins in 6 
moves and it is shown that no strategy wins in 
5 moves. (It is also shown that in the general 
case no strategy can win in 4 moves, so that 
five is optimal.) 


DETERMINING STRATEGIES 


Each time a move is made it partitions the 
remaining possible answers into equivalence 
classes. The classes correspond to the possible 
outcomes, i.e., the class determined by (i, j) is 
the set of all remaining combinations that score 
(i, )) when compared to the current move. In 
the example above, one starts with 6? = 1,296 
possible codes. After the move RWBY, the 1,296 
combinations are partitioned into 14 classes, 
where each class is the set of all combinations 
that will give the same result when compared 
to RWBY. The largest class is the one deter- 
mined by (0, 2) which has 312 elements. In 
the example, the response (1, 1) determines a 
class of 252 combinations. 

The next move in the example appears at 
first to be illogical. Since RRBP would score 
(2, 0) if it were compared to RWBY, and the 
code has scored (1, 1), RRBP cannot be the 
code. Another move, e.g., RRPB, which could 
be the correct answer, appears intuitively to 
be a better choice. The reason that RRBP is 
preferred is that our objective is to reduce the 
number of possible answers as much as possi- 
ble, or to minimize the maximum number of 
remaining possibilities, when the 252 combi- 
nations remaining after the first move are par- 
titioned. After RRBP, the largest equivalence 
class, the one corresponding to (0, 1), has 47 
elements. After the move RRPB, the class of 
(0, 1) would have 50 elements, and the class 
of (1, 1) would have 49 elements. While this 
might appear to be a small difference, in prac- 
tice it may determine the success or failure of 
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a strategy. Continuing to comment on the ex- 
ample, the move RRBP partitions the remain- 
ing 252 combinations into 12 classes. The class 
corresponding to (1, 2) has 20 elements. The 
move RBPG partitions the remaining 20 ele- 
ments into 11 classes with a maximum size of 
3. At this point, success in 5 moves is assured 
since there always exists a combination that 
will reduce any set of 3 combinations to unit 
classes. (This is not the case for all sets of 4 
combinations, e.g., RWBY, WRBY, BYWR, 
BYRW.) 

A strategy will win the game in N moves if, 
and only if, all remaining equivalence classes 
after N — 1 moves have at most one element. 
Therefore, to minimize N one’s objective is to 
choose a strategy which reduces the size of all 
equivalence classes in a minimum number of 
moves. The method that Knuth introduced is 
the greedy algorithm: at each stage choose a 
move which minimizes the size of the largest 
remaining equivalence class. 

After any first move of the form RRWW, 
the largest equivalence class has 256 elements. 
These are the “best” first moves. After a first 
move of the form RRWB, the largest equiv- 
alence class has 276 elements. These are the 
“next best” first moves. The values for other 
first moves are: RWBY—312, RRRW—317, 
RRRR—625. 

To determine a strategy for Master Mind, 2 
programs were used. The first simulates the 
playing of a game. The user enters a move and 
the program responds with a summary of the 
equivalence class decomposition it induces. The 
pairs (i, j) corresponding to non-null classes are 
printed with the number of elements in the 
class. There is an option to print the elements 
in each class. The user then chooses a class (i, 
j) and continues from that point. 

The second program accepts a sequence of 
combinations and corresponding results and 
first determines the equivalence class of com- 
binations that they determine. Then for each 
of the 1,296 combinations in turn it finds the 
maximum size of an equivalence class in the 
decomposition that it determines. It writes all 
combinations for which this size is less than an 
input value to a file. Examination of this file 
suggests the next move. 

A program was used to test the final strategy. 
In this program, the 1,296 possible combina- 
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tions are used in turn as the code, and the game 
is traced. This program can either print all 
1,296 games, or only a summary, the number 
of games requiring 1 move, 2 moves, etc. 


THE STRATEGY 


The strategy was simplified considerably by 
keeping the codes that are still possible ordered 
in an array L. The combinations were ordered 
in the following way. Type 1 consisted of all 
combinations with 4 distinct colors; type 2 con- 
sisted of all combinations with 3 distinct colors; 
type 3 consisted of all combinations with 2 
occurrences each of two colors; type 4 consisted 
of all combinations with 3 of one kind and 1 
of another; and type 5 consists of all with only 
one color. The combinations are ordered first 
by type, then within a type lexicographically 
with R < W < B < Y < P <G. Thus, the 
ordering is RWBY, RWBP,..., RRWB,..., 
RRWW,..., RRRW,..., GGGG. 

After each move, the combinations which 
have been eliminated are removed from L and 
the list is compressed to retain the ordering. 
With this definition of L the default strategy 
if L[1]. It is always used when there are only 
2 remaining possibilities, and it is frequently 
possible to use it when there are 3 or 4 re- 
maining possibilities. 

The decision tree in Appendix 1 has the 
moves for move N listed under the response 
to move N — 1. For example, the first move 
is RWBY. If the response is 1 exact and 1 other, 
then one finds (1, 1) for the second move RRBP. 
All other moves will come from the section of 
the list headed by (1, 1). If the response to 
RRBP is 1 exact and 2 other, then the third 
move is RBPG. If the response is 3 exact and 
0 other, then no move is given in the list. There- 
fore, the default, L{1]is the move. At this point, 
careful examination of the responses shows that 
there are 2 remaining possibilities, L[1] = RBRG 
and L[2] = RBPB. 

It is easy to see that no strategy can win in 
4 moves by a simple counting argument. For 
the first move RRWW there is an equivalence 
class of size 256. Since each move partitions 
the remaining elements into 14 equivalence 
classes, after a second move there must be a 
class of at least 19 elements, and after any third 
move a class of at least 2 elements. A similar 
argument applies to other first moves. 


STRATEGIES FOR MASTER Minp—Franke 


TaBLE 1. Comparison of the effectiveness of different 
strategies playing all 1,296 possible games. 


RWBY RRWW _ L{lJ L*l] Lil) 
1 1 1 1 1 hd 
2 3 7 13 12 12.6 
3 69 60 100 94 88.3 
4 550 027 409 394 422.0 
5 673 701 524 601 589.3 
6 0 0 212 180 170.8 
Uf 0 0 37 13 11.9 
8 0 0 0 | 0.0 
Expected 
value 4.46 4.48 4.72 4.68 4.66 


RWBY is the strategy given above 

RRWW is the strategy in (1) 

L[1] is the strategy of always choosing the first move which could be the 
code, when L is ordered as described above. 

L*{1] is the strategy of always choosing the first move which could be the 
code, when L is reordered type 3, type 2, type 1, type 4, type 5 

The L{I] column contains the average of 7 runs in which moves were chosen 
at random from the remaining possible moves. 


COMPARISON OF EXPECTED VALUES 
OF STRATEGIES 


The algorithm given by Knuth was coded 
and run for all possible codes to determine the 
expected number of moves. One would expect 
that this strategy would be the most efficient, 
since it uses the best first move. Knuth stated 
that his strategy “is probably very close to op- 
timal” (1, page 3), but he pointed out that 
minor improvements in it were possible. Sur- 
prisingly, the expected value was a little better 
for the current strategy. 

To determine how much better these strat- 
egies perform than a person playing the game 
with a straightforward strategy, i.e., a person 
choosing moves that are possible codes, the 
expected value was found when the player 
always uses L[{1], and in several cases where 
the player chooses an L{l] at random. The re- 
sults appear in Table 1. 


ADDITIONAL RESULTS 


Define the norm of a combination S, with 
respect to a set of combinations T, to be the 
maximum size of an equivalence class when 
the combinations in T are compared to S. Then 
the greedy algorithm, “minimize the size of 
the largest remaining equivalence class,” is 
equivalent to “choose $ with minimal norm.” 
In determining the decision tree discussed 
above, the greedy algorithm was used to sug- 
gest moves which were then tested. In the fol- 
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TaBLE 2. The games in which the greedy algorithm 
requires six moves. 


1. RRWW 1 1 RRWW i 1 
2. RRBY 1 2 RRBY 1 2 
3. WBRP 0 2 WBRP 0 1 
4. RWBG ] 0 RWBG 1 1 
5. RYPR 2 2 RYGR 2 2 
6. RPYR 4 0 RGYR 4 0 


lowing case the greedy algorithm fails to give 
the best result. The sequence RWBY (0, 2); 
WPYP (1, 1), results in a situation where the 
remaining set of combinations has 50 elements. 
There are 2 third moves with minimum norm, 
which is 7. (They are PPGR and GBPP.) Nei- 
ther of these moves wins in 5. A third move, 
PGRP, which has a norm of 8, wins in 5. 

It is interesting to consider what happens 
when one attempts to use the greedy algorithm 
to determine a strategy. Since the choice of a 
combination of minimum norm is far from 
unique, the strategy that results from the greedy 
algorithm depends on the manner in which 
the combinations achieving the minimums are 
ordered. That is, one orders the set of all com- 
binations and chooses the first combination in 
that ordering for which the norm is minimal. 

It is easy to write a procedure which, for a 
set of combinations and a given ordering, will 
choose the first combination of minimal norm 
as the next move. A program in which one 
specifies a first move, then uses the procedure 
to play the 1,296 games, would require about 
45 hours on a VAX 785. However, one can use 
the procedure to find all 14 second moves, and 
write a program with the first and second moves 
stored that uses the procedure to find the re- 
maining moves. Such a program will play the 
1,296 games in a few hours. The results stated 
below were obtained using programs of this 
form. 

Knuth used the lexicographic ordering: 
RRRR, RRRW, ..., GGGG. He stated that 
with this ordering the greedy algorithm wins 
in 5 moves, and that if one uses the first move 
RRWB and continues with the greedy algo- 
rithm then one does not win in 5 moves. With 
the ordering by type given above one obtains 
the opposite results. The greedy algorithm does 
not win in 5 moves. Examples where it fails 
are given in Table 2. However, if one uses the 
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first move RRWB and continues with the 
greedy algorithm and this ordering, then one 
does win in 5 moves. 

There are 2 remaining types of first moves: 
RRRW and RRRR. It is possible to construct 
a decision tree for a strategy that wins in 5 
moves starting with RRRW. The greedy al- 
gorithm cannot be used for the entire tree. (In 
one case 2 moves of norm 6 fail and a move 
of norm 8 succeeds.) This algorithm has an 
expected value of 4.68, which is comparable 
to a straightforward strategy. 

It is easy to show by direct computations 
that the first move RRRR cannot be extended 
to a strategy that will win in 5 moves. The 
equivalence class of the outcome (0, 0) has 54 
= 625 elements. By symmetry, there are only 
5 essentially different moves not involving R: 
(1) WBYP, (2) WWBY, (3) WWBB, (4) 
WWWB, (5) WWWW. For the second move, 
WBYP, the equivalence class of (0, 2) has 126 
elements. No third move has a norm of less 
than 20 so no fourth move has a norm of 1. 
Similar arguments apply in the remaining cases. 
In the 7 cases where R appears in the second 
move the equivalence classes are even larger. 

Another interesting question regarding Mas- 
terMind is how well one can play using only 
“possible” moves, that is, moves that have not 
been eliminated as the code and are still pos- 
sible solutions to the game. If one uses the 
greedy algorithm restricted to possible moves, 
and uses the ordering by type, then one wins 
in 6. This is the best result one can attain using 
only possible moves, as the following argument 
shows. 

Assume that the first move is XYZA and the 
response is (3, 0). Since all possible moves agree 
with XYZA in 3 places, by symmetry we can 
assume that the next move is XYZB where B 
# A. Assume that the response is again (3, 0). 
Then B cannot be correct, for if B were correct 
than A would not be correct on the first move. 
Therefore X, Y, and Z would be correct. This 
is a contradiction, since the second response 
was not (4, 0). Therefore X, Y, and Z are correct 
and there are 4 remaining possible moves. (Of 
the 6 combinations whose first 3 letters are 
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XYZ, 2 have been eliminated and 4 remain.) 
Since we are restricted to moves that only elim- 
inate one combination, no continuation can 
win this game in 5 moves. 

Since the resolution of problems in computer 
science frequently reduce to an exhaustive tree 
search which is not feasible because of the time 
it requires, one hopes to develop heuristic tech- 
niques to permit one to search for solutions 
which will approximate optimal solutions. 
MasterMind provides an interesting example, 
since the tree is large enough that one cannot 
examine all possibilities trivially, but small 
enough that one can do exhaustive searches 
using computers. If one adopts the objective 
of minimizing the expected number of moves, 
then the results obtained by heuristic methods 
appear to be encouraging. Table 1 shows that 
straightforward strategies come within 5% of 
the best strategies found. However, if one con- 
siders the objective to be the minimization of 
the maximum number of moves required, then 
the results of heuristic techniques are discour- 
aging. For example, if one has learned by ex- 
perience that the best first move is one of the 
form RRWW, then one might reasonably as- 
sume that after the response (0, 0) the best 
second move would be one of the form BBYY. 
Since it can be shown that the sequence RRWW 
(0, 0), BBYY (1, 1), cannot be completed in 6 
moves, this assumption leads one to the false 
conclusion that no strategy will guarantee a 
win in 5 moves. It is surprising to find that 
BBYY is not at all a “good” second move. It’s 
norm is 56, while the norm of BBYP is 46; even 
BBBY, with a norm of 51, is better than the 
“obvious” choice. 
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AppENDIX I. The move is L{1] unless a move is given AppEnpIx 1. 
cl Continued. 
: "(.0) 3. (0, 1) BYWG 4. (2,1) WYWB 
- PPPG (, 1) BRYP 4. (0,2) WYRG 
(1, 2) WRYP 4. (2,1) RRWW 
9 
ne 2) or (2, 0) or (2, 2) or (3, 0) WPGW 2, 0) te gay Gene 
2. RGPP (2, 1) PRWB 
3. 2 Ww 
ss et a ‘ Fi ee 
(0, 2) BPYG 4. (1,0) GRRG rie 
(2,0) WPGG S aaen 
(3,0) YPYG 
(0, 3) RRRG 3. (1, 3) YRRB 
(1, 0) GWWB Pa ies 
(1, 1) PGGB 4. (1,1) GGRR 7 
(2,0) PBPB 3. (0, 0) PYYR 
“ (0, 1) PPYY 
5 
z : ee aor (0, 2) BGBP 4. (1,1) PGYY 
. (1, 0) RRYP 
9 
~ are i. i‘ aie (1, 1) GBBG 4. (0,0). WWWP 
(2, 1) GWGG (1, 2) PWGW 
(1, 1) 
WwW 
(0 a e ie 2. RRBP 
2. PPRW 3. (0, 0) WGGY 
3 (0, 0) YGGB (0, 1) PWGW 4. (0,0) BYYY 
(0, 1) WGGR_ 4. (0,0) YBYP (1, 0) GBGB 
(0, 1) GBYB (1,1) WPGR 
(1,0) RYGP (1.2) WWRG 
(2,0) BWGG 
1,1) WYYG 
i BGWG (2,1) GWRW 
(2, 0) RRGY (0, 2) PBGY 4. (0,2) WWPB 
(2,1) WYGG (1, 1) PWWB 
BPYY 
(0, 2) WRYG 4. (0,1) YBYP dL, Uae, 
(0, 2) BGWP : au. 
0,3) YGWP ‘ 
i . BRPR (0, 3) WWRR 
a, 1) WBGP (1, 0) RGGB 4. (0,0) PPYY 
(1,2) WGGR (0, 1) BBBW 
(2,0) WYYP (1,0) WBBB 
(1, 1) GBGB 
(0, 8) WGPR ed (1,1) PWBB 4. (0,0) RGYR 
( YYPW 
(1, 0) PYWG 4. (0,0) RRRG (0, 1) a 
(0, 2) GBGB ra eae 
1,1) 
0,3) YGGW 
i 5 GBGB (1, 2) PPWW 
1,1) WGRR (1, 2) RBPG 
12) WYYG (2, 0) YPBG 4. (0,0) _RRRW 
/PP 
(1, 1) PGYP 4. (0,1) WRGW (0,2) RY 
(1,1) PYYR (1, 2) BYBP 
1.2) PYWG (2,0) BRBG 
(2,0) PYYR (2, 1) GRBR 
(1, 2) WPGR 4. (0,2) PRPB ee 4 al 
(2, 0) PGRB 4. (2,0) WGRW fi a 
(2, 1) BPRP , 
(3, 0) GPPY 2. RRYP : 
(0, 3) 3. (0, 1) YYBG 4. (0,2) BBWY 
(2,0) WYBB 
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APPENDIX I, 
Continued. 
(0, 2) YGBR 
(0, 3) BPRY 
(1, 0) WRBB 
(1, 1) RYWG 4. (0,3) WWYR 
ti} PRWY 
(2, 0) RYYB 
(2, 1) RBYR 
(1, 3) 
2. RRWB 
(2, 0) 
2. RRWW 
3. (0, 0) BYPP 4. (0,2) GWGG 
,1) BPYG 
(0, 1) PGGY 4. (1,1) GWYY 
(0, 2) WWBP 
(1, 0) PGPY 4. (1,1) RPYY 
(1, 1) WWPB 4. (0,1) RBBR 
(1, 2) BWBW 
(1, 2) RRRG 
(2, 0) GPPY 
(2, 1) 
2. YYBB 
3. (0, 1) RRWW 
(0, 2) RBPG 
(1, 0) RRWW 
(2, 0) PYWG 
(2, 2) 
2. RRWW 
(3, 0) 
2. RRWW 


8. (0, 1) or (1,0) PGYY 
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Winter Behavior of Northern Cardinals 
(Cardinalis cardinalis) 


Gary RITCHISON AND M. KATHERINE OMER 
Department of Biological Sciences, Eastern Kentucky University, Richmond, Kentucky 40475 


ABSTRACT 


Northern cardinals (Cardinalis cardinalis) were observed during the winter in central Kentucky to gather 
information about flock sizes, pattern of dominance, and home-range sizes. The mean flock consisted of 4.64 
cardinals. Mean flock size varied significantly among months, being highest in December and lowest in 
February. The larger flocks observed in December may have been due in part to low temperatures, with 
analysis revealing a significant inverse relationship between flock size and temperature. Male cardinals 
initiated defense of territories in February, contributing to the decreased flock size observed during that 
month. Mean flock size also varied significantly throughout the day, with flocks largest from 0700-0800 hr 
and smallest from 1500-1600 hr. Females were found in significantly larger flocks of conspecifics than males, 
with a mean flock size of 5.20 for females and 4.37 for males. 

The mean sizes of maximum and utilized ranges were 21.2 and 5.4 ha, respectively, with the ranges of 
adjacent individuals overlapping. The mean sizes of daily and biweekly ranges were 1.17 and 3.35 ha, 
respectively. 

Male cardinals were found to be dominant over females and adults were dominant over juveniles. Individual 
males were consistently dominant or subordinate to other males, with few reversals observed. Dominance 
status among males appeared to be site dependent, with individuals more likely to win encounters when in 


or near their breeding territories. 


INTRODUCTION 


Northern cardinals (Cardinalis cardinalis) 
are common non-migratory birds that are 
widely distributed in the midwestern and east- 
ern United States. Although the vocal behavior 
of this species has been much studied (1, 2, 3, 
4, 5, 6), less is known about other aspects of 
its behavior. For example, little is known about 
the behavior of cardinals outside the breeding 
season. Laskey (7) observed that “groups or 
loose flocks of from 6 to 25 birds gather at good 
feeding places” and that such flocks are “not 
always composed of the same individuals.” Bent 
(8) reported only that cardinals were “social” 
during the winter, gathering at “favorite feed- 
ing places.” 

The objective of this study was to investigate 
the behavior of Northern cardinals outside the 
breeding season, particularly from 1 Novem- 
ber through 28 February. Specific objectives 
were to determine (1) whether cardinals formed 
flocks during the non-breeding season and, if 
so, the number of individuals in such flocks, 
(2) the patterns of social dominance within 
flocks, and (3) the size of daily, biweekly, and 
overall winter ranges. 


MATERIALS AND METHODS 


This study was conducted from | January 
1983 through 10 March 1985 at the Central 
Kentucky Wildlife Management Area, 17 km 
SSE of Richmond, Madison County, Kentucky. 
This area encompasses 680 ha and consists of 
old fields and cultivated areas interspersed with 
woodlots and tree-lined streams and fence- 
rows. Sycamore (Platanus occidentalis), sweet 
gum (Liquidambar styraciflua), shagbark 
hickory (Carya ovata), oak (Quercus spp.), 
boxelder (Acer negundo), and hackberry (Cel- 
tis occidentalis) were common in the woodlots. 
Eastern redcedar (Juniperus virginiana), black 
locust (Robinia pseudo-acacia), honey locust 
(Gleditsia tiacanthos), and dogwood (Cornus 
spp.) were common along streams and fence- 
rows. Approximately 15 per cent of the study 
area consisted of corn fields. 

Cardinals were captured in mist nets (2.1 m 
x 9.2 m) placed in narrow rows (5 to 20 m 
wide) of vegetation adjacent to either old fields 
or corn fields. Four feeding stations containing 
sunflower seeds were maintained in the study 
area from 1 September 1983 through 31 March 
1984 and from 1 September 1984 through 10 
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March 1985 and nets were sometimes placed 
near these stations. Typically, 3 or 4 nets were 
set up each day and each net was checked at 
least once per hour. Nets were set up on 352 
days during the study, generally between 0700 
and 1200 hr. Mist nests were rarely set up from 
May through July. One mist net set up for one 
hour resulted in one net hour. The mean num- 
ber of net hours per day during the study was 
approximately 12 and, therefore, 12 net hours 
equalled one net day. All captured cardinals 
were fitted with USFWS numbered bands and 
unique combinations of colored plastic bands 
from January through August 1983. In addi- 
tion, we marked birds with colored tape at- 
tached to the rectrices (9) from September 1983 
through March 1985. Cardinals were sexed by 
plumage and aged by plumage and bill color 
(10). The plumage and bill color of juveniles 
gradually become similar to those of adults 
and, therefore, aging was possible only during 
the period from May through early December. 

Twelve adult cardinals were fitted with ra- 
dio-transmitters (Wildlife Materials, Inc., Car- 
bondale, Illinois; AVM Instrument Co., Dub- 
lin, California), Transmitters were attached 
back-pack style using nylon string, with the 
entire package weighing about 3.5 g. Radio- 
tagged birds were tracked using a receiver 
(Model TRX-24, Wildlife Materials, Inc.) with 
a two-element yagi antenna (Model RA-2AK, 
Telonics, Inc., Mesa, Arizona). Although trans- 
mitters had a range up to about 1 km, we 
generally tracked birds from distances of 25 to 
50 m. Locations of radio-tagged birds were 
usually noted every 15 min on maps of the 
study area, with separate daily maps being 
kept for each radio-tagged bird. We also noted 
flock sizes. In this study, a flock consisted of 
the focal cardinal plus all conspecifics within 
10 m of the focal cardinal. The mean time 
between estimates of flock size was 53.99 + 
1.07 (SE) min, with a minimum of 30 min 
between successive estimates. 

Winter home ranges were determined by 
compiling all locations of individual birds on 
maps of the study area. Maximum home ranges 
were determined by connecting the outermost 
points at which an individual was observed and 
measuring with a compensating polar planim- 
eter. Utilized home ranges were also deter- 
mined by enclosing all areas in which a bird 
was located more than once and again mea- 
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suring the area with a planimeter. Daily, bi- 
weekly, and monthly utilized home ranges were 
determined in a similar manner. 

Dominance relationships among individual 
cardinals were examined by observing behav- 
ioral interactions at one feeding station from 
15 December 1983 through 5 April 1984. The 
following behaviors described by Kinser (22) 
were used to ascertain dominance: (1) avoid- 
ance, (2) head forward, where an aggressive 
individual moved head-first toward a nearby 
bird, (3) supplanting, and (4) chasing. During 
the subsequent breeding season we attempted 
to locate the color-marked male cardinals that 
had been involved in interactions at the feed- 
ing station. If located, such males were ob- 
served to determine the location of their breed- 
ing territories. Territory boundaries were 
delineated by noting the location and identity 
of singing males and the locations where fight- 
ing and chasing occurred. 

Temperature data were reported by the Blue 
Grass Field (Lexington, Kentucky) meteoro- 
logical station located 54 km northwest of the 
study area (11, 12, 13, 14). The relationship 
between temperature and flock size was ex- 
amined using Spearman’s coefficient of rank 
correlation. Other analyses included chi-square 
tests, Mann-Whitney U tests, and analysis of 
variance. Multiple comparisons were made 
with the Student-Newman-Keuls (SNK) test. 
All analyses were performed using procedures 
found in the Statistical Analysis System (15). 
Significance was accepted at the P < 0.05 level. 


RESULTS 


Capture Data.—A total of 381 Northern 
cardinals was captured during the period from 
January 1983 through February 1985. Signif- 
icant variation was noted among months in the 
number of new captures per net day (F = 3.03, 
df = 11, 340, P = 0.030), with the greatest 
number of new captures recorded in January 
and February (Fig. 1). Omitting data from the 
first two months of the study (January and 
February 1983), when most individuals were 
new captures, still revealed significant varia- 
tion among months (F = 3.01, df = 11, 308, 
P = 0.040), with the greatest number of cap- 
tures still noted in January and February. We 
captured significantly more females than males 
(x? = 9.14, df = 1, P < 0.01), with an ap- 
proximate ratio of 1.4:1 (220:161). Nearly 22% 
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(83/381) of the cardinals captured were known 
to be juveniles, with similar numbers of juve- 
nile males (N = 39) and females (N = 44). No 
significant differences were observed between 
males and females (adults and juveniles com- 
bined) in month of initial capture (x? = 4.51, 
df = 7, P = 0.719), with males and females 
captured in similar ratios throughout the year. 
Similarly, no differences were noted between 
juvenile males and females in month of initial 
capture (x? = 3.51, df = 3, P = 0.320). 

From January 1983 through December 1984, 
353 Northern cardinals were captured. Many 
of these cardinals (158% or 44.8%) were never 
recaptured or observed in the study area again 
(cardinals first captured in 1985 were not in- 
cluded in this analysis because mist-netting and 
trapping was discontinued on 10 March 1985). 
The mean length of time between date of first 
capture and date of either last recapture or 
sighting for the remaining 195 cardinals was 
137.9 + 12.6 (SE) days. 

Flock Size.—Flock size data were based on 
observations of radio-tagged cardinals, and the 
number of such cardinals under observation 
varied during the study. During November 
and December only two cardinals (one male 
and one female) were radio-tagged. During 
January, 3 cardinals (all males) were radio- 
tagged while 7 individuals (4 males and 3 fe- 
males) were radio-tagged in February. 

Overall, radio-tagged cardinals (N = 8) were 
found alone 24.5% of the time (300 of 1,222 
observations). Males were alone more fre- 
quently than females, with males (N = 4) alone 
28.5% (249 of 874 observations) of the time 
and females (N = 4) 14.7% (51 of 348 obser- 
vations) of the time. The percentage of time 
spent alone varied among months for both 
males and females. During November, the sin- 
gle male observed was alone 59.8% of the time 
(N = 117 observations) while the single female 
observed was alone 24.8% of the time (N = 
113 observations). During December the per- 
centage of time these same 2 individuals were 
observed alone declined to 24.5% for the male 
(N = 196 observations) and 10.7% for the fe- 
male (N = 159 observations). No females were 
observed during January, however, males (N 
= 4) were found alone 18.8 per cent of the 
time (N = 1, 22, 174 and 208 observations, 
respectively). During February, females (N = 
3) were found alone only 7.9 per cent of the 
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CAPTURES PER NET DAY 


MONTH 


Fic. 1. The number of Northern cardinals captured per 
net day during each month of the year. 


time (N = 5, 19, and 52 observations, respec- 
tively) while males (N = 4) were alone 35.3 
per cent of the time (N = 14, 16, 34 and 92 
observations, respectively). 

When cardinals (N = 8) associated with con- 
specifics the mean flock consisted of 4.64 + 
0.07 (N = 922 observations) individuals. Sig- 
nificant differences were noted in mean flock 
size among months (F = 15.26, df = 3, 919, P 
< 0.0001), with significantly larger flocks (¥ = 
5.2 + 0.14) in December (SNK; P < 0.05) and 
significantly smaller flocks (¥ = 3.8 + 0.16) in 
February (SNK; P < 0.05) (Fig. 2). A signifi- 
cant difference was observed in mean flock size 
throughout the day (F = 2.41, df = 10, 912, 
P = 0.008), with mean flock size highest from 
0700-0800 hr (5.4 + 0.26) and lowest from 
1500-1600 hr (4.1 + 0.22) (Fig. 3). 

A significant difference was observed in the 
mean flock size of male and female Northern 
cardinals (Mann-Whitney U test, P < 0.001). 
The mean flock size of radio-tagged females 
(N =5 individuals) was 5.20 + 0.14 individuals 
and of radio-tagged males (N = 4 individuals) 
4.37 + 0.08 individuals. A significant differ- 
ence (Mann-Whitney U test, P < 0.0001) was 
found between the mean flock sizes of the one 
male and one female observed in November, 
with a mean flock size of 3.47 + 0.18 (N = 47 
observations) for the male and 5.40 + 0.27 (N 
= 85 observations) for the female. In contrast, 
there was no significant difference in the mean 
flock size of these same two birds in December, 
with a mean of 5.38 + 0.19 (N = 142 obser- 
vations) for the female and 5.02 + 0.20 (N = 
148 observations) for the male. No comparison 


MEAN FLOCK SIZE 


MONTH 


Fic. 2. The mean (+SE) size of flocks of Northern car- 
dinals by month 


between males and females was possible for 
January because no females were radio-tagged. 
In February, a significant difference (Mann- 
Whitney U test, P < 0.0001) in the mean flock 
size of males (N = 4 individuals) and females 
(N = 3 individuals) was again noted, with a 
mean flock size of 4.59 + 0.33 (N = 5, 17, and 
48 observations, respectively) for the females 
and 3.28 + 0.14 (N = 13, 14, 16, and 58 ob- 
servations, respectively) for the males. 
Significant differences were also found 
among individuals (F = 19.38, df = 7, 915, P 
< 0.0001), ranging from a mean high of 11.40 
+ 2.01 (female; N = 5 observations) to a mean 
low of 3.17 + 0.15 (male; N = 59 observations). 
Overall, females (N = 4) differed significantly 
(F = 18.62, df = 3, 294, P < 0.0001) in mean 
flock size, with one female found in flocks sig- 
nificantly (SNK test, P < 0.05) larger (11.40 
+ 2.01) than the other 3 (5.39 + 0.16, 227 
observations; 4.20 + 0.24, 48 observations; and 
3.70 + 0.39, 17 observations, respectively). 
Males (N = 4) also differed significantly in 
mean flock size (F = 12.86, df = 3, 621, P < 
0.0001), with the mean flock size of 2 males 
significantly larger than in the other 2 males 
(SNK test, P < 0.05). Although examination 
of the mean flock size by month revealed a 
significant difference among males in January 
(F = 7.78, df = 2, 325, P = 0.0005; N = 3 
males with 17, 146, and 165 observations, re- 
spectively), no such difference was found for 
February (F = 0.55, df = 3, 98, P = 0.650; N 
= 4 males with 13, 14, 16 and 58 observations, 
respectively). February was the only month in 
which more than 1 female was observed and 
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Fic. 3. The mean (+SE) size of flocks of Northern car- 
dinals by time of day (values represent means for each 
one hour period) 


analysis revealed a significant difference among 
females (N = 3) in mean flock size during this 
month (F = 33.18, df = 2, 69, P < 0.0001), 
with | female found in significantly larger flocks 
(11.40 + 2.01) than the other 2 females (4.20 
+ 0.24 and 3.70 + 0.39, respectively; SNK, P 
< 0.05). However, as noted previously, we 
observed this female on only 5 occasions. The 
other 2 females were observed on 17 and 49 
occasions, respectively. 

Overall, flock size increased significantly with 
decreasing temperature (r, = —0.227, N = 
1,222, P < 0.0001). Similar inverse relation- 
ships were observed for both males (r, = 
—0.266, N = 874, P < 0.0001) and females 
(r, = —0.265, N = 348, P < 0.0001). Significant 
inverse relationships between flock size and 
temperature were observed for December (r, 
= —0.145, N = 355, P = 0.064), January (r, 
= —0.109, N = 405, P = 0.028), and February 
(r, = —0.161, N = 232, P = 0.0144), respec- 
tively. Although an inverse relationship be- 
tween these variables was also found for No- 
vember, the correlation was not significant (r, 
= —0.112, N = 230, P = 0.087). 

Significant inverse correlations between flock 
size and temperature were found for 5 of 7 
individuals (Table 1). Examination of the re- 
lationship between flock size and temperature 
by hour of the day revealed significant inverse 
relationships for each hour except 0700-0800 
hr, 0900-1000 hr, 1200-1300 hr, and 1300- 
1400 hr, respectively. The inverse correlation 
was particularly pronounced late in the day 
(1500-1600 hr: r, = —0.340, N = 120, P < 
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TABLE 1. 
cardinals. 
Radio-tracking dates No. of 
ID Sex (no. days) locations 
3 M 3 Nov. 1983- 810 
11 Feb. 1984 
(92) 
20 M 3 Jan. 1984- 161 
2 Feb. 1984 
(31) 
14 M 27 Jan. 1984- 198 
28 Feb. 1984 
(33) 
13 M 25 Jan. 1984- 163 
10 Feb. 1984 
(17) 
4 F 9 Nov. 1983- 495 
31 Dec. 1983 
(53) 
19 F 9 Feb. 1984- 152 
29 Feb, 1984 
(21) 
18 F 19 Feb. 1984- 99 
29 Feb. 1984 
(11) 
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Range sizes, mean flock sizes, and relationships between flock size and temperature for seven Northern 


Overall range (ha) 
Mean flock size pl 


Max Util (+SE) (P) 
22:2, 7.8 4.56 —0.196 
(0.11) (<0.0001) 
18.6 4.7 4.61 —0.204 
(0.15) (=0.0049) 
8.4 7 3.17 —0,302 
(0.15) (=0.0032) 
30.3 5.3 3.30 —0.236 
(0.34) (=0.080) 
50.1 12.7 5.39 —0.277 
(0.16) (<0.0001) 
11.8 3.0 3.71 —0.272 
(0.39) (=0.259) 
7.3 2.8 4.19 —0,301 
(0.24) (=0.0304) 


"Spearman rank correlation coefficient for relationship between flock size and temperature 


0.0001 and 1600-1700 hr: r, = —0.477, N = 
73, P < 0.0001). 

Range Sizes.—The winter ranges of 7 car- 
dinals were determined using radio-telemetry. 
Although 12 birds were fitted with transmit- 
ters, 5 were tracked for less than 1 week. One 
of these birds was found dead with the trans- 
mitter still functioning. The reason for the loss 
of signal from the transmitters on the other 4 
birds was unknown. The average duration of 
radio-tracking for the remaining 7 cardinals 
was 36.9 days (Table 1). The mean size of 
maximum ranges was 21.2 ha while the mean 
size of utilized ranges was 5.4 ha (Table 1). 
Plots of cumulative range size versus number 
of days radio-tracked were made for all 7 car- 
dinals and only 1 plot was asymptotic (male 
#3). Thus, the overall range sizes determined 
for the other 5 individuals are almost certainly 
underestimates. 

The winter ranges of Northern cardinals in 
the present study were not exclusive, with much 
variation noted in the extent to which the uti- 
lized ranges of the radio-tracked cardinals 
overlapped. The ranges of 3 males (3, 14, and 
20; Table 1) were in the northern half of the 
study area and the extent of overlap ranged 


from 0.86 ha between males 3 and 14 to 2.9 
ha between males 3 and 20 (Table 2). The 
ranges of the other four cardinals (male 13 and 
females 4, 18, and 19) were in the southern 
half of the study area, with only female 4’s 
range overlapping those of the males to the 
north (Table 2). Among these 4 cardinals, some 
home ranges did not overlap (those of females 
4and 18 as well as those of male 13 and females 
18 and 19, respectively). In contrast, the home 
ranges of male 13 and female 4 overlapped by 
3.6 ha (Table 2). 

Daily utilized ranges of cardinals were de- 
termined on 34 occasions (N = 3 birds). The 
mean daily range encompassed 1.17 + 0.14 ha 
(range = 0.32-3.38 ha). The 3 cardinals dif- 
fered significantly (F = 6.45, P = 0.046) in the 
size of their daily ranges, with the mean daily 
range of one male (2.04 + 0.40 ha; N = 6 days) 
significantly larger (SNK, P < 0.05) than the 
mean daily ranges of another male (0.89 + 
0.12 ha; N = 20 days) as well as a female (1.21 
+ 0.29 ha; N = 8 days). 

Biweekly utilized ranges were also deter- 
mined. The mean biweekly range was 3.35 + 
0.42 ha (19 biweekly periods for 7 cardinals), 
ranging from 1.20 to 8.77 ha. No difference 
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TABLE 2. Amount of overlap in the utilized home ranges of seven Northern cardinals. 
Male 20 Male 3 Male 14 Male 13 Female 4 Female 18 Female 19 

Male 20 — 2.9! 37% 0.88 52% 0 0.67 5% 0 0 
Male 3 2.9 62% _ 0.86 50% 0 0.83 7% 0 0 
Male 14 0.88 19% 0.86 11% —_ 0 0 0 0 
Male 13 0 0 0 — 3.6 28% 0 0 
Female 4 0.67 14% 0.83 11% 0 3.6 68% oa 0 1.05 35% 
Female 18 0 0 0 0 0 a 0.7 23% 
Female 19 0 0 0 0 1.05 8% 0.7 25% _ 

' The top number is the amount of overlap (in hectares) in the home ranges of the cardinal listed at the top of the column and the cardinal listed to the 
left. The number below that (per cent) indicates the extent to which the home range of the cardinal at the top of the column was overlapped by the home 
range of the cardinal to the left 


was noted in the biweekly ranges of males (N 
= 4) and females (N = 3), with a mean of 3.41 
+ 0.53 ha (7 periods) for females and a mean 
of 3.32 + 0.61 ha (7 periods) for males. Al- 
though no significant differences were noted 
in the size of biweekly ranges among months, 
utilized ranges were smaller in February. Mean 
biweekly range sizes were 3.09 + 0.51 ha (N 
= 5) in November, 4.05 + 0.59 (N = 5) in 
December, 3.57 + 1.33 ha (N = 5) in January, 
and 2.54 + 0.85 ha (N = 4) in February. Only 
2 birds were radio-tracked long enough to per- 
mit comparison of biweekly range size, and no 
significant difference was noted. One of these 
birds (male) had a mean biweekly range size 
of 3.16 + 0.58 ha (N = 6) while the other 
(female) had a mean biweekly range size of 
3.25 + 0.68 ha (N = 5). Both of these birds 
were radio-tracked from November through 
January. 

Interactions.—Although only 4 interactions 
were observed among Northern cardinals away 
from feeding stations, over 150 interactions 
were observed at and near feeding stations. 
However, most involved at least 1 unmarked 
cardinal. Further, even when both birds in- 
volved were marked, interactions often oc- 
curred so rapidly that it was impossible to iden- 
tify both individuals. The identity of both 
cardinals was determined in 47 encounters. 
Observations revealed that males (N =5 in- 
dividuals) dominated females (N =6 indi- 
viduals), with males dominating in all inter- 
sexual encounters (N = 17). Further, adult 
cardinals were dominant over juveniles, with 
adult males (N = 5 individuals) dominating in 
11 of 13 encounters with juvenile males (N =5 
individuals) and adult females (N = 3 individ- 
uals) dominating in all 3 encounters with ju- 
venile females (N = 3 individuals). 

Thirty seven interactions among 12 marked 


male cardinals were observed. Individual males 
were consistently dominant or subordinate to 
other individuals, with only 1 reversal observed 
among individuals involved in 2 or more en- 
counters (N = 11). As noted above, adult males 
were generally dominant over juvenile males. 
Further, dominance status appeared to be site 
specific. Five males subsequently established 
breeding territories in the vicinity of the feed- 
ing station where these encounters were ob- 
served. Two males defended adjacent territo- 
ries with a boundary approximately 5 m from 
the feeding station while three other males 
occupied territories further (45 m, 140 m, and 
160 m from the feeding station to the nearest 
boundary of their respective territories) from 
the feeding station. The 2 males with territories 
nearest the station were involved in 25 en- 
counters, winning all but two. The other 3 
males were involved in 33 encounters, losing 
22. Further, the 2 males with territories near 
the feeding station were consistently dominant 
over the other three males, winning all 11 en- 
counters. 


DIscussION 


Capture rates of Northern cardinals in the 
present study were highest from November 
through February. Fitch (16) and Beddall (17) 
also reported increases in the number of car- 
dinals captured during these months. Such data 
suggest that cardinals exhibit increased move- 
ment during this period (17). Laskey (7) sug- 
gested that most of the cardinals “wandering” 
during this period were young birds that had 
hatched during the preceding breeding season. 
Similarly, Dow and Scott (18) reported data 
suggesting that dispersal by cardinals “occurs 
in the early years of life, but not all in the 
first.” 

We captured significantly more female car- 
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dinals than males. Although Laskey (7) sug- 
gested that winter flocks of cardinals consisted 
of nearly equal numbers of males and females, 
no data were provided. The increased numbers 
of females captured in our study may be due 
to the increased natal and breeding dispersal 
of females, with increased dispersal rates 
(movement) resulting in the increased number 
of females captured. Greenwood (19) suggest- 
ed that females tend to disperse further than 
males in most species of birds. Although based 
on small sample sizes, Dow and Scott (18) ana- 
lyzed banding data and suggested that im- 
mature cardinals move farther than adults and 
females farther than males. 

Differences among male and female cardi- 
nals in the size of winter home ranges could 
also contribute to differences in capture rates, 
assuming that individuals ranging over larger 
areas are more likely to be captured in mist 
nets. Although we found no significant differ- 
ences in the range sizes of males and females, 
Fitch (16) reported that female cardinals oc- 
cupied larger winter ranges (8.8 ha) than did 
males (4.7 ha). 

Although usually found in flocks with con- 
specifics, Northern cardinals were sometimes 
found alone. Male cardinals were alone nearly 
twice as often as females (27.8% vs. 14.9%). 
Further analysis revealed that males were alone 
more often in November and February than 
in December and January. Male cardinals be- 
gin defense of territories in February (7, 20, 
21, pers. obs.) and, therefore, are less likely to 
associate with conspecifics. Kinser (22) ob- 
served that by late February some cardinals 
were found in flocks only when such flocks 
passed either through or near their territories. 
Although adult male cardinals do not defend 
territories in November (7, 21, pers. obs.), one 
male in the present study was alone 59.2% of 
the time in November. It is not clear if such 
behavior is representative of all male cardinals. 
However, male cardinals may be less social 
than females during early winter. For exam- 
ple, Bent (8) noted that male cardinals do not 
tolerate the presence of females on feeding 
shelves during the early winter months. 

When associating with conspecifics, the mean 
flock of cardinals in the present study consisted 
of 4.7 individuals, fewer than reported in pre- 
vious studies. For example, Kinser (22) re- 
ported that winter flocks of cardinals in In- 
diana normally numbered from 7 to 25 
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individuals, with a mean of 13.8 (N = 480). 
Laskey (7) observed flocks consisting of 6 to 25 
cardinals gathered at good feeding places in 
Tennessee. Bent (8) reported that cardinals may 
gather in flocks of more than 60 or 70 birds. 
The smaller flocks observed in our study may 
simply have been due to the presence of fewer 
cardinals. It is also possible, however, that pre- 
vious investigators have overestimated flock 
sizes. Our estimates of flock size were based 
on observations of radio-tagged individuals. 
Thus, we were able to maintain continuous 
contact with the birds, even when they were 
accompanied by few (or no) conspecifics. Lone 
cardinals and cardinals in small flocks are more 
difficult to detect and, without radio-trans- 
mitters, could easily be overlooked. Obviously, 
this would tend to increase estimates of mean 
flock size. 

We observed significant differences in the 
size of cardinal flocks among months, with 
mean flock sizes highest in December, inter- 
mediate in November and January, and lowest 
in February. Kinser (22) reported that the mean 
flock size of cardinals in Indiana was highest 
in January (18.2), followed by December (14.7), 
November (9.9), and February (6.8). In the 
present study, both males and females associ- 
ated with the greatest number of conspecifics 
in December. The larger flocks of cardinals 
noted in December and January may in part 
be related to weather. Our data revealed a 
significant inverse correlation between flock 
size and temperature, and average tempera- 
tures were lower in December (—2.0°C) and 
January (—2.4°C) than in November (8.1°C) 
and February (5.1°C). Similarly, Kinser (22) 
observed that large flocks of cardinals some- 
times assembled during cold, snowy weather 
in Indiana. Individuals in several species are 
more likely to occur in flocks when energy 
constraints are most severe, as during periods 
of cold weather (23, 24, 25, 26). Caraco (27) 
suggested that flock size varies inversely with 
temperature because, as temperature de- 
creases, birds need to obtain more food. Thus, 
birds will concentrate in greater numbers at 
good feeding areas during cold weather. When 
joining a flock, individuals may decrease the 
amount of time spent scanning for predators 
because the total amount of time spent scan- 
ning by the flock remains high due to the great- 
er number of individuals in the flock (28, 29, 
30). Reduced time spent looking for predators 
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means more time available for foraging, an 
important factor during cold weather. Further, 
an individual in a flock may locate food by 
watching other flock members (31, 32, 33). 

Flock size may also be influenced by be- 
havioral factors. As noted above, male cardi- 
nals may begin defense of territories in Feb- 
ruary. Such behavior would obviously 
contribute to the smaller flocks observed dur- 
ing that month. 

The mean size of cardinal flocks also exhib- 
ited significant daily variation, with flocks typ- 
ically larger during the morning, smaller dur- 
ing the afternoon, and larger again in the late 
afternoon. Although providing no data, Kinser 
(22) suggested a similar pattern for cardinal 
flocks in Indiana, with flocks largest at mid- 
morning and again late in the afternoon. Daily 
variation in flock size may be correlated with 
cardinal feeding activity. Kinser (22) suggested 
that cardinal flocks were largest during periods 
of active feeding. Similarly, Beer (34) exam- 
ined the winter feeding patterns of House 
Sparrows (Passer domesticus) and found in- 
creased numbers of birds at a feeding station 
during the period immediately after sunrise 
and again during the period just prior to sunset. 
These may be important feeding times, par- 
ticularly during cold weather. Feeding prior 
to sunset provides energy that will be used 
during the night while feeding at sunrise pro- 
vides needed energy after the nightly fast. 

The mean size of the maximum ranges of 
cardinals in the present study was 21.2 ha while 
the mean size of utilized ranges was 5.4 ha. 
Fitch (16) reported home ranges of 8.8 ha for 
female cardinals and 4.7 ha for males. Dow 
(35) examined the ranges of male cardinals 
during the breeding season and reported mean 
ranges of 1.8 ha in western Tennessee and 18.8 
in southern Ontario. Unlike cardinal breeding 
territories (35), the winter ranges of cardinals 
in the present study overlapped to varying de- 
grees, ranging from no overlap to an overlap 
of 3.6 ha. It was also apparent that the ranges 
of many cardinals without radio-transmitters 
overlapped those of the radio-tagged cardinals. 
The high percentage of cardinals that were 
either captured or sighted on only 1 occasion 
further suggests that many transient individ- 
uals were passing through the ranges of resi- 
dent cardinals. The overlap of ranges and the 
presence of transient cardinals contributed to 
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the frequent changes in flock size and com- 
position. That is, cardinals, e.g., males 3 and 
14, might be in a flock where their ranges 
overlapped. However, if male 3 moved beyond 
the area of overlap with male 14 and into the 
area of overlap with male 20, male 14 would 
leave the flock and male 20 might join the flock. 
Such movements by radio-tagged cardinals, 
along with the constant turnover of transient 
cardinals, contributed to frequent changes in 
the composition of cardinal flocks. Kinser (22) 
also noted that cardinal flocks may wander 
extensively and are not strongly cohesive. Sim- 
ilarly, Laskey (7) observed cardinals in Ten- 
nessee and noted that “while the total number 
of individuals in a given flock may remain 
fairly constant, the flock is not always com- 
posed of the same individuals.” 

Our observations indicate that male cardi- 
nals dominated females and adults dominated 
juveniles. Similar observations have been re- 
ported in many other species of birds (36, 37). 
Our observations also indicate that dominance 
among male cardinals may be site-dependent, 
with adult males more likely to win encounters 
with conspecific males near their breeding ter- 
ritories. Site-dependent dominance has also 
been reported in Blue Tits (Parus caeruleus; 
38), Great Tits (P. major; 39), and Stellar’s Jays 
(Cyanocitta stelleri; 40). In contrast, among 
Mountain Chickadees (P. gambeli) and Black- 
capped Chickadees (P. atricapillus), domi- 
nance status appears to independent of 
location (41, 42). Among species exhibiting site- 
independent dominance hierarchies, flock 
composition tends to be relatively stable (36). 
In contrast, among species exhibiting site-de- 
pendent dominance hierarchies, flock com- 
position shifts frequently (36). As described 
above, we found that the composition of car- 
dinal flocks did vary, lending further support 
to the conclusion that dominance among car- 
dinals is site-dependent. However, all of our 
observations were made at | location, and it is 
necessary to compare hierarchies at two or more 
locations to clearly establish whether domi- 
nance is site-dependent (36). Thus, our con- 
clusion concerning site-dependent dominance 
in cardinals must be considered tentative. 
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Symmetries of Thermodynamic Relations 
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ABSTRACT 
A method is given for transforming any valid thermodynamic relation into other valid relations without 
the need for detailed computations. The procedure, based on the concept of a group of transformations, 
holds for any thermodynamic system, and is illustrated for a simple system, a magnetic system, and an open 


system with an arbitrary number of components 


INTRODUCTION 


The thermodynamic functions U, H, A, G 
where 


H=U + PV, (1) 
A=U—TS, (2) 
G=H-TS, (3) 


and their differentials 
dU = TdS — PdV, ( 
dH = TdS + VdP, ( 
dA = —SdT — PdV, (6 
dG = —SdT + VdP, ( 


conform to a group of transformations of order 
64 that can be used to obtain additional ther- 
modynamic relations from established for- 
mulas (1, 2, 3, 4, 5, 6). Eight of these trans- 
formations, which do not form a group, are 
given in Table 1, where the primed quantities, 
which represent the transforms of U, H, A, G, 
P, V, T, S, also satisfy equations (1)-(7), so that, 
for example, dU’ = T’dS’ — P’dV’ is some one 
of equations (4)-(7). Only the tabulated trans- 
formations are necessary for the derivation of 
new formulas, as the remaining 56 transfor- 
mations generate the same transformations, or 
transformations differing from them by a 
change of sign. In particular, those transfor- 
mations of Table 1 other than the identity will 
transform the Joule coefficient 


(OT /8V)y = (8T/dU)y (8) 


[P — T(aP/8T)y] 
into 7 new formulas: 


(0V/0S),; = (0V/0H), (9) 
‘[V(OT/dV), — T], 


(0S/AP)< = (0S/dG)p (10) 
‘[S(OV/dS)p — V], 
(OP/0T), = (OP/dA)+ (11) 
-[S — P(OS/6P)r], 
(0S/dV), = (0S/dA)y (12) 
-[P — S(OP/9S)v], 
(OT/OP) = (dT/0H)p (13) 
[TOV /dT)y = VE 
(OP/0S), = (OP/dU),; (14) 
‘[P(@T/@P),; — T], 
(0V/dT). = (0V/dG)+ (15) 


‘[S — V(AS/dV)q], 


equation (13) being the Joule-Thomson coef- 
ficient. 

Some thermodynamic formulas are trans- 
formed into themselves, so that fewer than 7 
new relations are generated by the process. 
The heat capacity relation 


(9H/T)p — (8U/AT)y = T(@V/8T)p 
‘(OP/8T)y, 


for instance, yields only six new formulas, since 
it is transformed into itself by the sixth trans- 
formation. Note that heat capacities must be 
written explicitly in terms of derivatives to 
ensure their proper transformation. 


(16) 


DERIVATION OF THE SYMMETRIES 


The transformations of Table 1 have been 
derived by the theory of contact transforma- 
tions (2), through analysis of an 8-dimensional 
representation of the symmetry group of the 
square by pseudopermutation matrices (3, 5), 
and by exhaustive enumeration of all 64 trans- 
formations (4). They can, however, be derived 
much more expeditiously by an elementary 
argument, applicable as well to more complex 
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TaBLe 1. Symmetry transformations for a thermody- 


namic system consisting of a single phase. 


U' H’ A’ G Pp’ V Bhd S 
U H A G P Vv Al S 
H G U A ll =S Vv P 
G A H U Vv —P =9 T 
A U G H S T =p Vv 
A G U H Pp Vi —§ T 
H U G A Vv =P T S 
U A H G T =0 =P Vv 
G H A U S T Vv P 


thermodynamic systems, using only the con- 
dition that the transformations be one-to-one, 
and the observation that except for possible 
changes of sign, the two sets of variables {U, 
H, A, G} and {P, V, T, S} must transform 
among themselves. 

To prove that U, H, A, G must transform 
among themselves, observe that equations (1)- 
(3) imply that 


U-H-A+G=0. (17) 


Since U’, H’, A’, G’ satisfy the same equations 
in the primed variables, we also have 


U' — H’- A'+ G'=0. (18) 


If any one of U, H, A, G, were transformed 
into any one of P, V, T, S, equation (18) would 
not be true, hence U, H, A, G must transform 
among themselves. 

To prove that P, V, T, S transform among 
themselves, it need only be noted that these 
quantities always appear in the form XY, or 
XdY, so that if X, say, is transformed into U, 
H, A, or G, then, whatever the transform of 
Y, terms would be generated that do not ap- 
pear in any of equations (1)-(7). The construc- 
tion of Table 1 can now be carried out by a 
straightforward argument. 

If there were no conditions on U, H, A, G 
there would be 24 possible transformations of 
these quantities, but the invariance conditions 
(17) and (18) reduce the number of possible 
transformations to 8. To see this, consider those 
transformations for which U = U’. With this 
condition, H’ cannot be U, as all transforma- 
tions must be one-to-one. Consequently, H 
must be H, A, or G. Suppose H’ = H. Then 2 
cases arise: either A’ = A, and G’ = G, or A’ 
=G,andG’ =A. The second case is impossible, 
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TaBLE 2. The group of 8 transformations that transform 
the equation U — H — A + G = 0 into itself. 


q 
> 


Gah > SO hia 
mecdadcronl|s 
>pmadcamar 
aarmmeralea 


as it violates equation (18). Thus U’ = U, and 
H’ = H require A’ = A, G'’ =G. 

If we now take U’ = U, and H’ = A, we 
find, again by appealing to (17) and (18), that 
A’ = H, and G' = A are allowed, but A’ = G, 
and G’ = A are not. Continuing in this manner, 
the eight transformations of U, H, A, G listed 
in Table 2 are obtained. This table, which is 
just the first half of Table 1, is especially im- 
portant because in the extension of the pro- 
cedure to more complex systems, equations (17) 
and (18) will still hold, so that Table 2 provides 
the basis for their analysis as well. 

The transformations of Table 2 form a group 
isomorphic to the symmetry group of the 
square, and this fact, together with the dia- 
gram sketched in Figure 1, may be used to 
construct the entire table very quickly. The 
letters U, H, G, A are placed at the vertices of 
the square, with the energy U at the vertex in 
the upper right-hand corner, the other letters 
following counterclockwise in reverse alpha- 
betical order. Table 2 is obtained by applying 
those planar rotations and reflections that 
transform the square into itself. For example, 
a clockwise rotation of 90° moves U to the 
position formerly occupied by H, so that U’ = 
H. The same rotation moves H into the position 
formerly occupied by G, so that H’ = G. Sim- 
ilarly, G’ = A, and A’ = U. A rotation of 90° 
thus generates the second transformation of 
Table 2. The third and fourth transformations 
are generated by counterclockwise rotations of 
180° and 270°, respectively. The remaining 
transformations are obtained from reflections 
in the horizontal and vertical axes, and in the 
diagonals. 

The transformations of P, V, T, S are now 
easily worked out with the help of Table 2 
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For equations (1)-(3) imply that PV = G — 
A, and that TS = H — G, and since these 
equations also hold for the primed variables, 
the transforms of P, V, T, S must satisfy 


P'V'’=G'-A’, TS =H — Gs: (19) 


Substituting for G’, A’, and H’ from each of 
the transformations given in Table 2, we can 
derive the transformations of P, V, T, S. For 
example, the fourth transformation of Table 2 


requires G’ — A’ = H — G = TS, and H’ — 
G’ = U — H= —PYV, so that 
P’v’' = TS, T'S’ = —PV. (20) 
The various cases that can arise are 
Re Vv’ lhe Ss’ 
S T Sel os V 
iy —Ar P —V 
i S x Vv Pax 
ult ON x =i) Pex 


But an acceptable transformation also requires 
that dA’ = dG = —S'dT’ — P’dV’, and since 
the entries marked with an “x” do not trans- 
form dA’ into dG, they are not allowed. There- 
fore only four transformations of P, V, S, T are 
allowed: 


P’ Vv’ A Ss’ 
S T ails V 
S TD R =v 
S ay 2 Vv 
—$ = 1h B =, 


Each choice of P’, V’, T’, S’ will yield the same 
overall transformation, so that only one is re- 
corded in Table 1. 

There are 4 transformations associated with 
each of the other transformations of Table 2, 
so this process generates 32 transformations. 
The remaining 32 transformations of the group 
are obtained by observing that equations (17) 
and (18) remain valid if U, H, A, G are re- 
placed by their negatives, so that we can con- 
struct another group of order 8 transforming 
—U, —H, —A, —G among themselves, and, 
by a repetition of the preceding argument, 
there are 4 transformations associated with each 
of them. Hence, the total number of transfor- 
mations in the group is indeed 64 as remarked 
previously. 
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H U 


G A 


Fic. 1. The symmetry group of Table 2 is generated by 
planar rotations and reflections transforming a square into 
itself. The rotations are to be taken counter clockwise about 
the center; the reflections are in the lines indicated. 


GENERALIZATIONS 


To illustrate the application of the method 
to other systems, consider a substance with 
magnetization M in the direction of an external 
magnetic field (7) of magnitude H. Equations 
(2) and (3) are unchanged, but 


H =U - PV = Ne ) 
dU = TdS — PdV + HdM, (22) 
dH = TdS + VdP — MdH, (23) 
dA = —SdT — PdV + HdM, (24) 
dG = —SdT + VdP — MdH. (25) 


In the special case of a solid at pressures low 
enough for the pressure-volume terms to be 
omitted, the symmetries of Table 1 can be 
adapted to this case by replacing P and V 
throughout by H and —M, respectively. 

In the general case, equations (17) and (18) 
still hold, so that Table 2 again provides the 
basis for the analysis. The transform of TS is 
still given by the second of equations (19), but 
the transforms of PV and HM are coupled and 
cannot be separated: 


H’ — U'=P'V' — H'M’. (26) 


Only those transformations of Table 2 are al- 
lowed for which H’ — U’ generates both PV 


THERMODYNAMIC RELATION SYMMETRIES—Corio 


and HM, namely, the first, third, fifth, and 
sixth transformations. As a representative case, 
take the fifth transformation, for which H’ — 


U' =G — A=H — U,s0 that 
P’V' — H'M’ = PV — HM, 
T'S’ = —-TS. (27) 


The first of these equations admits 2 possibil- 
ities: (1) P’'V’ = PV, H’M' = HM; (2) P’V’ = 
— HM, H'M' = —PV. Working out the details, 
as before, it is found that there are 8 possible 
transformations, 2 of which are given in Table 
3 (the fifth and sixth entries). The other trans- 
formations are obtained similarly, eight in each 
case, so that 32 transformations are obtained. 
Taking changes of sign for U, H, A, G into 
account, the same process generates 32 more 
transformations, so the full group is of order 
64. There is no mixing of the variables T, S 
with P, V or with H, M, since-PV and HM 
cannot be separately expressed in terms of the 
thermodynamic functions. 

The extension of Table 3 when additional 
work terms are included is straightforward. If 
there are n such terms, the full group of trans- 
formations will be of order 2°n! 

Finally, consider an open chemical system 
consisting of a homogeneous phase containing 
an arbitrary number of components. Equations 


(1)-(8) still hold (8) with 


G= Zz Didi, (28) 
dU = TdS — PdV + > udn, (29) 
dH = TdS + VdP + >) wdn,, — (30) 
dA = —SdT — PdV + > udn,, (31) 
dG = —SdT + VdP + > udn,, (32) 


where n; is the number of moles of component 
i, and the chemical potentials yu; satisfy the 
relations 


Mi = (U/9n;)s vn, = (0A/On;)rV.n; 
= (0G/On;)rp», = (GA/On\)sp.n,, (33) 
and the subscript n; means all of the n’s are 


held constant except nj. 
Equations (17) and (18) are satisfied, so we 


157 


TABLE 3. Symmetry transformations for a thermody- 
namic system consisting of a pure phase subjected to a 
magnetic field and hydrostatic pressure 


WE He AS C Fr; wy H’ M’ Y Ss’ 

U H A G P V dH M T S 
U H A. GG HH. =M. P =V Tr S 
Gea YH Uv. =P M -H §$ =T 
G A H U M H YV P > =F 
A. G U H P \ H M T -S 
A G U H H -M P SS de® te5 
H U G A V_ -P M -H T S 
H U GA M H V P T S 


are again led to Table 2. Furthermore, we can 
assume that each n, is transformed into itself, 
as any other one-too-one transformation of the 
n, would merely amount to a relabeling of the 
components of the system. By virtue of equa- 
tions (33), every transformation of Table 2 then 
requires that uw’, = y;, so that the sums in equa- 
tions (29)-(32) are transformed into them- 
selves. It suffices, therefore, to use the trans- 
formations of Table 1 even in this more general 
situation. For example, using Table 1, the 
Gibbs-Helmholtz equation 


H = G — T(0G/8T)p,, (34) 
may be transformed into 
G =A — V(0A/8V) ra; (35) 
A =U — S(0U/0S)y 5,5 (36) 
U =H — P(0H/4P),,,,, (37) 
G =H — S(dH/0S)p.,,, (38) 
U=A — T(0A/0T)y (39) 
A =G — P(dG/OP)+.,, (40) 
H = U — V(dU/0V)s,.,,- (41) 
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Spawning Orientation Preferences of the Kentucky Snubnose Darter: 


An In-Stream Study of Etheostoma rafinesquei 
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ABSTRACT 


The spawning orientation preferences of Etheostoma rafinesquei were determined by collecting all ova 
spawned by individual females confined in an in-stream cage. Orientation preferences were examined by 
comparing numbers of eggs spawned on artificial clay substrates aligned vertically, horizontally, and at a 
45° inclination from vertical. Captive females spawned a total of 4,892 eggs during the 44-day experiment. 
Substrate orientation accounted for 57.6% of the variance in mean numbers of eggs spawned (F = 13.207; 
P < 0.001). In order of preference, females spawned an average of 145.1 eggs on vertical substrates, 61.6 
on inclined substrates, and 9.5 on horizontal substrates. Preference of E. rafinesquei for vertical, and perhaps 
inverted, spawning may be related to the absence of silt at these sites. 


INTRODUCTION 


Darters are the most speciose group of fishes 
in Kentucky (1) and are second only to the 
minnows in numbers of species in North Amer- 
ica (2, 3). Stream fish communities often sup- 
port diverse assemblages of darters, most of 
which are small, benthic, and insectivorous (3). 
In most communities examined so far, syntopic 
species of darters avoid competition, in part, 
by partitioning available habitat resources (4, 
5, 6, 7, 8, 9, 10, 11). Segregation of species by 
habitat is correlated with differences in mor- 
phology among species (12) and may have been 
a principal selective force in the evolution of 
distinctive types of reproductive behavior ex- 
hibited by darters (12, 13). 

Page (13) recognized 4 basic modes of 
spawning behavior in darters (egg burying, egg 
attaching, egg clumping, and egg clustering). 
In egg-burying species, females burrow into 
the gravel and release eggs below the surface. 
Species that utilize this behavior are restricted 
to spawning in riffles with loose, clean sub- 
strates. In egg-attaching species, the female 
oviposits 1-3 eggs per spawning act on objects 
elevated above the plane of the stream bottom. 
The spawning substrates used by egg-attaching 
species vary from filamentous algae and mac- 
rophytes to large rocks, overhanging ledges, 
tree roots, and woody debris (13). Because these 
substrates are themselves variable in orienta- 
tion, females of egg-attaching species exhibit 
highly variable orientations, including com- 
plete inversion, during spawning (11, 13, 14). 
Egg-attaching species can utilize pool and 
raceway habitats and stream margins, in ad- 


dition to cobble and boulder riffles, for spawn- 
ing sites. Egg-clumping behavior involves 
spawning a clump of eggs at the interface be- 
tween the stream bottom and a large rock se- 
lected by a territorial male. Species utilizing 
this behavior often spawn on the loose, fine 
substrate deposited on the downstream side of 
a large stone. In egg-clustering species, males 
establish and defend spawning territories un- 
der the cover of a large rock and spawning 
occurs on the underside of the rock. During 
spawning, both the male and female assume 
completely inverted positions. 

Page (13) proposed that egg-clustering be- 
havior evolved from egg-attaching behavior. 
If this conclusion is valid, studies that delineate 
the range of variation in spawning orientations 
in egg-attaching species would be useful. The 
only published account quantifying spawning 
orientation preferences in an egg-attaching 
darter was the important early study of Winn 
(11). 1 am aware of no studies in which sub- 
strate orientation preferences for an egg-at- 
taching species have been quantified in natural 
habitat. 

Although reproductive behavior is known 
for approximately one-half the described 
species of darters (13, 15), most published re- 
ports are based on aquarium observations and 
are largely descriptive in nature. Because 
spawning behavior of fishes confined in labo- 
ratory aquaria can be atypical (11), observa- 
tion of spawning under more natural condi- 
tions would be preferable. One recent study 
combined controlled laboratory experiments 
with direct observation and field assessment of 
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spawning site selection in Etheostoma flabel- 
lare and E. nigrum (16). Additional studies 
that dovetail descriptive and experimental 
methods are needed. 

In this study, I determined the spawning 
orientation preferences of E. rafinesquei, an 
egg-attaching species (11, 17, 18), by confining 
spawning pairs in an in-stream cage and col- 
lecting all eggs spawned by individual females 
during a 44-day period. I examined orientation 
preferences by providing caged females with 
equal opportunities for spawning in 5 orien- 
tations: vertically, on the upper surface of an 
inclined substrate, on the lower surface of an 
inclined substrate, on the upper surface of a 
horizontal substrate, and on the lower surface 
of a horizontal substrate. Finally, I discuss some 
of the potential uses of in-stream confinement 
experiments for studying the reproductive bi- 
ology of stream fishes. 


METHODS 


A spawning cage (20 cm deep, 100 cm wide, 
76 cm long; modified from a design of Gale 
and Deutsch, 19) was constructed of lexan sheet 
(4.8 mm thick) reinforced with angle alumi- 
num (Fig. la). The cage contained 10 separate 
chambers (20 cm deep, 20 cm wide, 38 cm 
long) aligned in two tiers of five. Each chamber 
was fitted with a hinged lid for access and was 
designed to allow water to flow through by 
routing five vertical dovetail slots in the front 
and back walls. The cage was anchored in the 
stream with two 3-mm wire ropes attached to 
trees on opposite banks. Approximately 2-3 cm 
of fine stream gravel was placed in the bottom 
of each chamber. Gravel provided ballast and 
habitat for benthic macroinvertebrates that 
served as food for confined fishes. 

Because E. rafinesquei spawns single ova in 
depressions or pores in rock surfaces (11) and 
does not spawn on smooth-surfaced rocks (pers. 
obs.), it was possible to design an artificial 
spawning substrate that would provide the only 
opportunity for spawning by caged fishes. Sub- 
strates (130 mm long, 70 mm wide, 9 mm 
thick) were made of kiln-fired potter’s clay (Fig. 
lb). A template for the substrates was made 
by pouring auto-body fibergiass into a wooden 
mold, the bottom of which had a grid of 91 
pores, spaced at l-cm intervals. To allow for 
natural shrinkage of the clay on drying (ca. 
13%), templates were made larger than the 
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desired substrate size. Replicate fiberglass tem- 
plates were epoxied to 2 separate pieces of 
wood joined with 4 steel rods to form a press 
that was used to apply a uniform grid pattern 
on both sides of the clay. 

Three clay substrates were attached to each 
of 20 lexan plates (15 cm wide, 35 cm long) 
with silicone adhesive. Substrates were aligned 
vertically, horizontally, and at a 45° inclination 
from vertical (Fig. 1b). This provided oppor- 
tunities for spawning in essentially any ori- 
entation, including inversion on horizontal and 
inclined substrates, and allowed comparisons 
of the number of ova spawned at each orien- 
tation and on vertical substrates in the presence 
and absence of current. One plate was attached 
to each chamber of the cage; remaining plates 
served as replacements. Substrate plates were 
attached to the left wall of the front chambers 
and to the right wall of the rear chambers, 
allowing unrestricted flow of water to the rear 
chambers. 

The spawning cage was placed ina slab race- 
way at the foot of a gravel riffle in Middle 
Pitman Creek, Taylor County, Kentucky on 
22 March 1988. Water depth at the site varied 
from 30-100 cm. Ten pairs of darters (aged 
1+ to 3+) were stocked in the spawning cage 
on 25 March. The cage was visited daily, usu- 
ally between 1500 and 1700 hours, from 25 
March to 7 May, when vandalism terminated 
the experiment. Spawning substrates were re- 
placed with replicates and the presence and 
condition of spawners was noted for each 
chamber. The number and location of ova were 
recorded for each captive female. Missing or 
dead fishes were replaced by new individuals 
seined at the site. 

Three females were maintained in the cage 
for the duration of the experiment (44 days). 
Six females were captive for 26-29 days, and 
6 were captive for 12-16 days. Thirteen other 
females were stocked in the cage but either 
escaped or died (n = 3) in less than 10 days. 
When the experiment was terminated, only 2 
females were recovered, and analyses of the 
relationships between substrate orientation 
preferences and various measures of age and 
size of captive females was precluded. In lieu 
of this, I performed least squares analyses to 
determine the relationships between numbers 
of mature follicles (the largest size class of vi- 
tellogenic follicles in the ovary) and standard 
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length (SL), eviscerated body weight (WT), 
and age in a sample of 40 females collected 
on 25 March. Age was predicted using linear 
regression equations derived by otolith analysis 
of 1,007 individuals collected from Middle Pit- 
man Creek between August 1986 and July 1988. 
To examine the possibility that the design 
of the spawning cage may have influenced the 
numbers of ova spawned by caged fishes, a 
two-way analysis of variance was performed 
on spawn data from all caged fishes. The ques- 
tions asked in this analysis were: (1) did posi- 
tion of the chamber (front tier or back tier) 
influence the number of eggs spawned? (2) Did 
orientation of the substrate influence the num- 
ber of eggs spawned? (3) Did individuals oc- 
cupying front and back chambers demonstrate 
differing preferences for substrate orientation? 
Statistical analyses were performed using 
BIOSTAT I (20). Hypotheses were rejected at 
the 5% level. Analysis of variance (ANOVA) 
was used to determine equality of means. Stu- 
dent-Newman-Keuls multiple-range tests 
(SNK) were used to compare pairs of means. 
Correlation coefficients were derived from 
Pearson product moment correlations. 


RESULTS 


Captive females spawned a total of 4,892 
eggs during the 44 day experiment. An over- 
whelming majority of these were oviposited in 
the pores of the artificial substrates. Only 38 
eggs were collected from the gravel substrate 
or from the walls of the chambers. Spawning 
on the walls of the chambers was not observed 
until growth of algae roughened the lexan sur- 
face sufficiently for adherence of eggs. Fe- 
males usually oviposited 1 egg in each pore, 
but some individuals occasionally oviposited 
2-4 eggs in a single pore. 

The mean number of ova spawned by fe- 
males (all captive individuals) occupying front 
and back chambers was statistically similar (F 
= 2.345; P = 0.125). Females spawned more 
ova on some substrates than on others (F = 
8.712; P < 0.001), but substrate orientation 
preferences were consistent in front and back 
chambers (F = 0.653; P = 0.662). Because cage 
design was not found to significantly influence 
the numbers of spawned eggs, data from front 
and back chambers were pooled, and a one- 
way ANOVA was performed on spawn data 
for females captive for 12 or more days (n = 
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A 
Front of cage 
B 
Fic. 1. Cage in which ten spawning pairs of E. rafines- 


quei were confined for in-stream assessment of spawning 
orientation preferences. (A) Perspective view; (B) top view 
of individual chamber showing lid reflected and orienta- 
tion of artificial substrates. 


15). This analysis disregarded position of a 
chamber in the cage and demonstrated signif- 
icant preferences for spawning orientations (F 
= 13.207; P < 0.001). Females consistently 
spawned significantly more ova (SNK) on ver- 
tical substrates (mean = 145.1) than on in- 
clined substrates (61.6), and significantly more 
ova on inclined than on horizontal substrates 
(9.5). 

When comparisons were made of mean 
numbers of ova spawned on the top and un- 
dersides of inclined and horizontal substrates 
and mean numbers of ova spawned on vertical 
substrates in current and vertical substrates in 
absence of current, the data were inconclusive. 
Current was not determined to influence the 
number of ova spawned on vertical substrates. 
Similarly, no difference was detected in the 
number of ova spawned on top and bottom 
sides of inclined or horizontal substrates. These 
results were unexpected. A total of 221 ova 
were collected from the underside of horizon- 
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tal substrates, but only 10 were removed from 
the top side of horizontal substrates. Only 2 of 
26 females spawned ova on the top of hori- 
zontal substrates. Similarly, 747 ova were re- 
moved from the underside of inclined sub- 
strates, while 553 were removed from the top 
side of inclined substrates. The inability to de- 
tect differences that were suggested by the data 
may be attributable to large error term asso- 
ciated with the analysis. 

Substrate orientation accounted for only 
57.6% of the variance in mean number of ova. 
Differences in age and size of individual fe- 
males, egg cannibalism, and individual pref- 
erences may account for a significant portion 
of the error term. The number of mature fol- 
licles in ovaries of 40 females collected in March 
was positively correlated with age (r = 0.615, 
P < 0.001), SL (r = 0.585, P < 0.001), and 
WT (r = 0.626, P < 0.001). I have witnessed 
egg cannibalism during both laboratory and 
field observations of spawning behavior in E. 
rafinesquei, but I have no evidence that egg 
cannibalism is dependent on substrate orien- 
tation. Although egg cannibalism undoubtedly 
influenced the total counts of spawned ova, I 
do not believe it introduced substantial bias to 
the data on orientation preferences. 

Data that summarize the extent of individ- 
ual variation in spawning orientation prefer- 
ences for 9 females, captive for 26 days or 
longer, are presented in Table 1. Sixty eight 
per cent (range = 44-88) of all collected eggs 
were spawned on vertical substrates, while 27% 
(12-50) of the the total spawn was oviposited 
on inclined substrates. Less than 5% (0-12) was 
spawned on horizontal surfaces. These rela- 
tionships held for most individuals, but female 
G spawned more eggs on inclined surfaces than 
on vertical surfaces (50 and 44%, respectively). 
Females A, B, and C spawned in excess of 80% 
of their eggs on vertical substrates and less than 
15% on inclined surfaces, while female H 
spawned an inordinately high number of eggs 
on the underside of horizontal substrates. 


DISCUSSION 


Spawning has been observed in 10 species 
of the subgenus Nanostoma, E. baileyi (13), 
E. barrenense (11, 17, 18), E. coosae (21), E. 
duryi (22), E. flavum (23), E. pyrrhogaster 
(14), E. rafinesquei (11, 16, 17), E. simoterum 
(24), E. zonale (11, 16, 25, 26), and E. zonis- 
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tium (14). Each member of the subgenus ex- 
cept E. pyrrhogaster and E. zonale, exhibits a 
preference for vertical spawning sites on large 
stones. Based on aquarium observations, Car- 
ney and Burr (14) reported that E. pyrrho- 
gaster most commonly spawned ina horizontal 
position on sand and gravel. Although gravel 
spawning has been reported for most species, 
it is more often of secondary importance. Winn 
(11) reported that both E. barrenense and E. 
rafinesquei spawned on gravel if adequate pre- 
ferred sites were not available in aquaria. Page 
and Mayden (24) reported that E. simoterum 
occasionally “buried (eggs) in gravel.” I sus- 
pect that what they observed was similar to 
gravel spawns that I have observed in E. raft- 
nesquei (unpubl. data), where the female ovi- 
posits in a pore on an individual piece of gravel 
and not in the gravel. Carney and Burr (14) 
described the preferred habitat of E. pyrrho- 
gaster as stream margins with abundant over- 
hanging roots and woody debris and pools with 
clean sandy substrates. It is possible that the 
spawning behavior of this species is con- 
strained by substrate availability in its natural 
habitat. Etheostoma zonale is atypical of the 
Nanostoma in that it attaches eggs to plants 
(11, 16, 25, 26). 

Winn (11) reported preferences for vertical 
spawning sites in both E. barrenense and E. 
rafinesquei. He did not observe inverted 
spawning on horizontal sites and believed that 
such behavior would require changes in mor- 
phology. Inverted spawning has subsequently 
been reported for E. coosae (21) and E. zonisti- 
um (14). Spawning on the top side of horizontal 
substrates, although of minor importance, has 
been reported for E. coosae (21), E. duryi (22), 
E. flavum (23), E. simoterum (24), and E. zon- 
istium (14). 

Spawning site choices in fishes are influ- 
enced by, at least, two pervading factors. Eggs 
must be oviposited in a location where the 
oxygen regime is adequate for the develop- 
ment of embryos and survival of larvae (27, 
28, 29) and where embryos and newly hatched 
larvae are not subjected to undue predation 
pressure (27, 28). Both of these factors are ame- 
liorated by attendant, guarding males in egg- 
clumping and egg-clustering species of darter. 
Evidence presented by Constanz (30) that un- 
attended egg clusters of E. olmstedi were often 
lost due to the rapid spread of fungal infec- 
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TABLE 1. 
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Number of eggs spawned by 9 female E. rafinesquei on 3 artificial substrates (5 spawning orientations) 


during 26-44 days of in-stream confinement. Decimal numbers are proportions of the total spawn for individual females. 
Parenthetic numbers are mean percentages for all females. Substrate orientations are coded as follows: C = presence 
of current; Q = absence of current; N = upper surface of inclined and horizontal substrates; I = underside of inclined 


and horizontal substrates; G = gravel and walls of chambers. 


Orientation 
Vertical Inclined 
Female Cc Q N I 

A 327 97 22 46 
0.65 0.19 0.04 0.09 

B 175 159 28 18 
0.46 0.42 0.07 0.05 

Cc 169 190 11 46 
0.38 0.43 0.02 0.10 

D 114 91 53 82 
0.31 0.25 0.14 0.22 

E 140 129 92 3 
0.38 0.35 0.25 0.01 

F 238 233 163 121 
0.31 0.30 0.21 0.16 

G 100 102 83 150 
0.22 0.22 0.18 0.32 

H 66 101 24 101 
0.19 0.30 0.07 0.30 

I 87 59 20 28 
0.44 0.30 0.10 0.14 

(36.8) (30.1) (12.9) (15.5) 


tions, indicates the importance of aeration of 
embryos in these relatively low-current sites. 
In some fishes, the oxygen demands of devel- 
oping embryos cannot be met by diffusion 
alone, and successful hatching can occur only 
if spawning sites are located in flowing water 
(29). Clumping and clustering species of darter 
may be able to select spawning sites with rel- 
atively low current, because of the behavior of 
attendant males. 

In egg-attaching species, some protection 
from predation is afforded the eggs by scat- 
tering the spawn over a fairly large area (13), 
but, in the absence of attendent males, oxygen 
supply is limited by the site chosen for ovi- 
position. Preference of E. rafinesquei, and per- 
haps other members of the subgenus Nanosto- 
ma, for vertical spawning sites may be related 
to the oxygen regime of these sites. Although 
the differences in numbers of eggs spawned on 
the top and underside of horizontal and in- 
clined surfaces were statistically insignificant, 
the data reported here support a tendency to- 
ward a preference for inversion. The similarity 
between vertical substrates and undersides of 
other substrates is the low likelihood of silt 


Horizontal 
N I G Total 
1 10 2 505 
0.002 0.02 0.004 
0 1 0 381 
_ 0.003 — 
0 32 0 447 
— 0.07 a 
0 29 0 369 
_ 0.08 _ 
0 0 il 365 
_— — 0.003 
0 21 4 780 
— 0.03 0.005 
9 20 0 464 
0.02 0.04 — 
0 42 6 340 
— 0.12 0.02 
0 5 0) 199 
— 0.03 _— 
(0.3) (4.2) (0.3) 3,850 


accumulation which, although not measured 
during this study, probably reflects the sub- 
stantial water current. Selection of spawning 
substrates that have a low likelihood of siltation 
may enhance the probability of embryo sur- 
vival by assuring adequate oxygen during de- 
velopment. Page (13) used a similar reasoning 
in concluding that egg-attaching behavior 
evolved from egg-burying behavior in species 
that inhabited slow flowing pools where egg 
burying was precluded by silty and often an- 
aerobic substrates. 

The similarity of spawning behaviors among 
members of the subgenus Nanostoma indi- 
cates a reasonably strong genetic constraint. 
However, there appears to be a fair amount 
of phenotypic plasticity in substrate choices 
and orientation preferences within and among 
species (17). In E. rafinesquei, this plasticity is 
reflected as individual variation, but whether 
or not this variation is based on age and size 
differences in females remains to be demon- 
strated. Spawning site preferences may de- 
pend, in part, on the availability of suitable 
substrates (11, 12, 16, 23) which, in some com- 
munities, may be limiting (15, 31, 32). Evi- 
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dence has been presented that spawning sites 
are partitioned intraspecifically among males 
of egg-clustering species (30, 33) as well as 
interspecifically (11, 16, 34) in riffle spawning 
species. Because spawning seasons of syntopic 
darters are often strongly overlapped (16, 35, 
36) and spawning sites may be limiting, re- 
productive behaviors that allow plastic re- 
sponses to local environmental and biotic con- 
ditions should be favored. If these conclusions 
are valid, then spawninig site preferences might 
be expected to vary, within genetic constraints, 
from stream to stream, between reaches within 
a single stream, and, given the general insta- 
bility of stream channels (37), from year to 
year within the same stream reach. With the 
exception of the study by Cochran and Lyons 
(16), none of these possibilities has been ex- 
amined for any species of darter. 

Carefully designed experiments that utilize 
in-stream confinement of species for which re- 
productive behavior is known, could be used 
to address each of these questions. Such studies 
could yield a wealth of information on the 
reproductive biology of fishes. The same data 
that have been reported here were used to 
assess spawning periodicity and annual fecun- 
dity of E. rafinesquei (38). Cage-confinement 
experiments could also be expected to yield 
useful information on daily spawning periodic- 
ity (39), on the relationship between spawning 
and ovarian development (40), on environ- 
mental “Zeitgeber” that synchronize the circ- 
annual periodicity of reproduction in fishes 
(41, 42), on physiological and endocrine con- 
trol of the ovarian cycle (40, 41), and on rates 
of development and survival of zygotes under 
natural stream conditions. Such studies, if com- 
pleted for a number of species, could result in 
enhanced understanding of reproductive strat- 
egies and, thereby, life history evolution. 
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ABSTRACT 


Distributional and ecological data are presented for 26 families, 71 genera, and 146 species of ascomycetes 
and basidiomycetes in Kentucky. Notes on the distribution of 2 families, 2 genera, and 3 species of myxo- 


mycetes are presented. 


INTRODUCTION 


The summer of 1988 and 1989 were partic- 
ularly favorable for the growth of many wood- 
land fungi. The summer of 1989 seemed to be 
particularly favorable for polypores, especially 
on oak trees of various species, many of which 
subsequently died as a result of infection by 
large shelving species. During these 2 periods, 
representatives of 26 families, 71 genera, and 
146 species of ascomycete and basidiomycete 
fungi were collected, as well as representatives 
of 2 families, 2 genera, and 3 species of slime 
molds (Myxomycetes). These data are pre- 
sented below. Color photographs of all species 
reported are on file at the author’s laboratory. 


RESULTS 


In the annotated list that follows, specimens 
are referred to the sites from which they were 
collected by means of the designating numbers 
given next. 


COLLECTING SITES 


1. Mixed forest conditions, Berea Woods, Be- 
rea, Madison County, Kentucky. Various 
dates (see below). 

2. Open, mixed woods on an old estate just 

west of Eastern Kentucky University, Rich- 

mond, Madison County, Kentucky. Various 
dates (see below). 

Mixed forest, Pine Mountain State Park, Bell 

County, Kentucky. 23 June 1989. 

4. Deacon Hills Estates, Richmond, Madison 
County, Kentucky. Various dates (see be- 
low). 

5. Eastern Kentucky University farm, Rich- 
mond, Madison County, Kentucky. Various 
dates (see below). 

6. Rock Bridge area, Daniel Boone National 


oo 


Forest, Powell County, Kentucky. Dense, 
mixed forest with a very moist substratum. 
15 October 1988. 

7. Mixed woods and grasslands, Central Ken- 
tucky Wildlife Management Area, Madison 
County, Kentucky. 16 September 1988. 

8. Eastern Kentucky University campus, 
Richmond, Madison County, Kentucky. 
Various dates (see below). 

9. Under oak trees, Bowling Green, Warren 
County, Kentucky. 14 August 1988. 


ANNOTATED LIST 
Pezizaceae 


Scutellinia scutellata (L. ex Fr.) Lamb. Site: 
3 (23 July 1989). Two small colonies were found 
on a dead, barkless hardwood log. 

Geopyxis catinus (L. ex. Fr.) Lamb. Site: 3 
(23 June 1989). 


Hypocreaceae 


Hypocrea gelatinosa (Tode ex Fr.) Fr. Site: 
5 (16 May 1989). Several small colonies grew 
around old encrusting fungi on a hardwood 
(ash) stump. 


Russulaceae 


Russula aeruginea Lind. ex Fr. Sites: 1 (15 
Sept. 1988), 2 (23 June 1989). These greenish 
mushrooms were abundant at Pine Mountain 
in oak and beech litter, and were growing un- 
der pignut hickories at Berea Woods. Color 
reactions and detailed morphology can be 
found in Shaffer (1). 

Russula vesca Fr. Site: 1 (15 Sept. 1988). 
Abundant but scattered specimens were found 
under oaks. 

Russula emetica (Schaeff. ex Fr.) S. F. G. 
Site: 1 (1 April 1989). Although common, this 
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is a confusing species with many “look alikes.” 
The distinguishing features (2) include a bright- 
red, reddish-orange, or deep-pink pileus, very 
acrid taste, large spores, and large basidiocarps. 

Russula sivicola Shaff. Sites: 1 (1 Aug. 1989), 
2 (23 June 1989). This deep red species grew 
in deep humus derived from oaks at both sites. 
The total range, habitat, and taxonomic di- 
agnosis is represented by Shaffer (2). 

Russula cf. maculata Quel. and Roz. Site: 2 
(23 June 1989). These specimens were re- 
moved from fallen oak leaves and lichens. The 
distinguishing characters are found in Moser 
(3). 

Russula cf. atropurpurea Krbh. (=R. xeram- 
pelina (Sch. ex Sec.) Fr.). Site: 1 (15 Sept. 1988). 
See Moser (3) for details of distinguishing char- 
acters. A few specimens were found growing 
under pignut hickories. 

Lactarius corrugis Pk. Site: 1 (15 Sept. 1988). 
Many specimens of this dark-brown mushroom 
were found growing on a well-decayed hard- 
wood log. When cut, the pileus and stem pro- 
duced copious amounts of unchanging white 
latex. The species is common in the southern 
United States (4). 

Lactarius speciosus Burl. Site: 1 (15 Sept. 
1988). A few individuals were removed from 
litter under oaks and maples. With a pinkish- 
buff, zoned cap, this is a southern species that 
was previously reported from Kentucky with- 
out exact locality data (4). 

Lactarius piperatus (Fr.) S. F. G. Sites: 1 (1 
Aug. 1989), 2 (23 June 1989). One of the most 
common milky caps in Kentucky, this species 
has a very “hot” taste when fresh. At the Berea 
site, it was growing under oaks and hickories, 
whereas at Pine Mountain it was found on a 
mossy hillside. 

Lactarius peckii Burl. Site: 1 (1 Aug. 1989). 
Peck’s milky cap is another zoned species when 
fresh and moist but soon becomes deep to brick 
red and velvety. The margin of the cap re- 
mains inrolled for some time, and the mature 
gills are light to dark brown. The spore deposit 
is white (4). The specimens reported here were 
found growing under oaks. 

Lactarius volemus (Fr.) Fr. Site: 1 (1 Aug. 
1989). Very common in the eastern half of the 
United States (4), this dark-brown species pro- 
duces copious latex when scratched, that is 
white at first but quickly changes to a cream 
color upon exposure to the air. 
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Hygrophoraceae 

Camerophyllus pratensis Fr. Site: 3 (23 June 
1989). Many workers (5) consider Camero- 
phyllus to be a subdivision of Hygrophorus. 
This species is rufous to cinnamon colored with 
yellowish-buff gills and an umbonate cap. My 
specimens were found, growing next to a well- 
rotted log, in a blow-down area. 

Hygrocybe caespitosa Murr. Site: 4 (25 July 
1988). A large colony was found on thick bark 
mulch beneath a copse of autumn olives. In 
Tennessee and Georgia, this species is most 
often found in mixed woods on clay soil or on 
mossy banks (5). 

Hygrocybe spadicea (Scop. ex Fr.) Karst. Site: 
4 (24 Sept. 1988). The cap is brownish at the 
center and yellowish at the margin, and the 
gills are white. Typically, this species grows 
along the margins of oak woods (5). However, 
my specimens were found on hardwood mulch. 

Hygrophorus eburneus (Fr.) Fr. Site: 2 (6 
Oct. 1988). These small (2-2.5 cm), pure white 
specimens were found growing in pine duff, 
one of the preferred habitats (5). 

Hygrophorus russula (Schff. ex Fr.). Quel. 
Site: 4 (25 Sept. 1988). These pink, 8.5 cm wide 
mushrooms were found growing on wood 
mulch. The lamellae and stipe were pale pink. 
A common species in Tennessee, Alabama, and 
North Carolina (5), this pretty mushroom has 
not been reported previously from Kentucky. 

Hygrophorus flavescens (Kauff.) Sm. and 
Hes. Site: 6 (15 Oct. 1988). Bright orangish- 
yellow and approximately 3.0 cm wide, these 
dozen or so specimens were growing on moss- 
covered sand near a small, clear creek. 


Tricholomataceae 


Panus conchatus (Bull. ex Fr.) Fr. Site: 1 
(15 Sept. 1988). This flesh-colored, hairy species 
is sometimes common in central and eastern 
Kentucky. The specimens reported here were 
growing in large clusters on decaying logs and 
stumps. Pegler (6) considers P. conchatus to 
be a synonym of Lentinus torulosus (Pers. ex 
Fr.) Lloyd. 

Lentinus lepideus (Fr. ex Fr.) Fr. Site: 1 (1 
Aug. 1989). This large, whitish and cyathiform 
species has rings of brownish scales on the cap. 
The lamellae are white and strongly serrulated. 
The specimens reported here were found 
growing on a long-dead pine log. 
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Lentinellus cochleatus (Pers. ex Fr.) Karst. 
Site: 1 (15 Sept. 1988). Numerous specimens 
were found on decaying beech logs, a typical 
habitat for this species (7). 

Clitocybe robusta Pk. Site: 1 (15 Sept. 1988). 
These large white mushrooms grew under tu- 
lip poplars and beeches. The spore print was 
pale yellow (“ivory yellow’—8). 

Clitocybe dealbata (Sower. ex Fr.) Kumm. 
Site: 4 (27 Sept. 1988). Found growing in grass 
beneath aging apple trees, these 5.0-cm wide 
specimens were grayish-white with buff gills. 
All North American representatives of this 
species have been relegated to the subspecies 
C. dealbata sudorifica (Pk.) Bigelow (8), a col- 
or photograph of which can be found in Smith 
and Weber (9). 

Clitocybe nuda (Bull. ex Fr.) Big. and Sm. 
Site: 4 (27 Sept. 1988). Several large colonies 
of this beautiful lavender to purple mushroom 
were found growing on the wood-chip mulch 
of flower gardens and grapes. The cap is some- 
times brownish upon aging (8), although the 
specimens reported here became pale silvery- 
violet. A color photograph is presented by Smith 
and Weber (9). 

Clitocybe odora (Bull. ex Fr.) Kumm. Site: 
1 (15 Sept. 1988). This variable species ranges 
from pale bluish-green through cinammon-buff 
to whitish and nearly always gives off a strong 
anise odor when fresh (8). The specimens re- 
ported here were found under tulip poplars 
and were of the pale variety. 

Clitocybe ectypoides (Pk.) Sacc. Site: 7 (16 
Sept. 1988). A few specimens were found 
growing on a much-decayed log. 

Clitocybe flaccida (Fr.) Kumm. Site: 8 (9 
May 1988). Three specimens of this reddish 
mushroom with buff-colored gills were re- 
moved from debris below white-bark birches. 
It has not been previously reported from Ken- 
tucky (10). 

Mycena stannea (Fr.) Quel. Site: 2 (28 July 
1988). These 1.5-cm wide mushrooms were 
dark gray and striated and had pale-gray la- 
mellae. They were growing on a wet, decaying 
pine log. The specimens were of a configura- 
tion and color formerly called M. murina 
Murr., considered a synonym of M. stannea 
(11). 

Mycena galericulata (Fr.) S. F. G. Site: 7 
(16 Sept. 1988). The few specimens were found 
on a wet, decaying hardwood log. This is a 
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common species during wet, cool springs 
throughout the eastern U.S. (11). Care must be 
exercised not to confuse it for a Collybia be- 
cause of the inrolled margin of the cap. 

Mycena leaiana (Berk.) Sacc. Site: 3 (23 June 
1989). Cespitose growths of this bright orange 
mushroom were found on moss-covered de- 
caying logs. Previously reported from Ken- 
tucky without exact locality data (11). 

Mycena kauffmanii Smith. Site: 1 (15 Sept. 
1988). These delicate, umbonate and dark- 
brown specimens were growing on a decaying 
ash log beneath maple trees. This is an uncom- 
mon species (11). 

Rickenella fibula (Bull. ex Fr.) Rath. Site: 3 
(23 June 1989). A few specimens were re- 
moved from a mossy log lying in a sphagnum 
bog. Smith (11) considered this to be a species 
of Mycena. 

Myxomphalia maura (Fr.) Hora. Site: 3 (23 
June 1989). Closely related to Mycena (3). The 
usual habitat is decaying wood. 

Melanoleuca cognata (Fr.) Kon. and Maub. 
Site: 4 (3 June 1988). Abundant specimens were 
found growing in lawn grass. 

Melanoleuca alboflavida (Pk.) Murr. Site: 2 
(9 Sept. 1988). Seven pale-brown specimens, 
4.6-8.7 cm wide, with crowded white gills, and 
elliptical and warty spores, were found grow- 
ing in grass under mixed woods. This pretty 
species usually grows at low elevations in the 
central and eastern United States (12). 

Melanoleuca species. Site: 8 (11 May 1989). 
Dark brown with grayish-brown gills, 6 spec- 
imens were found under pines. Because of the 
characters of the spores—broadly elliptical and 
verrucose—and the reactions of the pileus with 
Melzer’s solution, this form seems close to M. 
brevipes (Bull.) Pat. as delineated by Miller 
(12), but that species is apparently restricted 
to alpine habitats in Montana. 

Marasmius scorodonius (Fr.) Fr. Sites: 1 (15 
Sept. 1988), 3 (23 June 1989). A few more or 
less typical specimens of this species, usually a 
spring fruiter, were found on wet wood under 
maples and oaks, a more or less typical habitat 
(13). 

Marasmius fulvoferrugineus Gill. Site: 1 (1 
Aug. 1989). Two specimens, growing near fall- 
en beech logs, seem closer to this species than 
any other. 

Marasmius nigrodiscus Bolt. Site: 3 (23 June 
1989). Very abundant on moist litter under 
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oaks. This distinctive species (13) is easily missed 
by general collecting because of its small size. 

Marasmiellus candidus Bolt. Site: 1 (1 Aug. 
1989). Although fruiting principally during 
cool, wet springs, this easily identifiable species 
was abundant under wet beech litter in August 
of 1989. 

Omphalotus illudens (Schw.) Bres. and Besl. 
Site: 5 (16 Sept. 1988). A very large colony of 
this pumpkin-colored mushroom grew on the 
buried roots of a dead sycamore. Several spec- 
imens, brought into the laboratory in complete 
darkness, gave off an eerie, cold-green light. 
Because of the tendency to glow in this man- 
ner, this species is called the jack o’lantern 
mushroom. 

Armilleriella mellea (Vahl ex Fr.) Karst. Site: 
6 (15 Oct. 1988). A small colony grew on the 
roots of an oak. The species is widespread in 
North America (14) and it is a serious root- 
rotting fungus (15). 

Armillariella tabescens (Scop. ex Fr.) Sing. 
Site: 8 (6 Oct. 1988). A large colony nearly 
covered a Norway maple stump, accompanied 
by a smaller colony of Trametes versicolor 
(Fr.) Pil. Its growth requirements and destruc- 
tive abilities are similar to those of A. mellea 
(15). 

Tricholoma zelleri (Stuntz and Sm.) Ovr. 
and Tyl. Site: 6 (15 Oct. 1988). Two specimens 
with brownish-orange caps, 10.5-12.8 cm wide, 
and a stalk that bore a fibrilose ring were found 
under hemlocks. A color picture was presented 
by McKnight and McKnight (16). 

Tricholoma saponaceum (Fr.) Ku. Site: 8 
(11 May 1989). Numerous specimens were 
found growing on a lawn beneath ashes and 
maples. Distinguishing characters were pre- 
sented by Moser (3). 

Collybia acervata (Fr.) Ku. Site: 6 (15 Oct. 
1988). Hundreds of specimens were growing 
on a wet, partially decayed log. 

Collybia dryophila (Bull. ex Fr.) Kum. Sites: 
1 (16 May 1989), 3 (23 June 1989). Many spec- 
imens of this beautiful species were found on 
oak debris under living trees. 

Collybia maculata (A. and S. ex Fr.) Kum. 
Site: 1 (1 Aug. 1989). A few specimens were 
removed from beech litter. 


Amanitaceae 


Amanita fulva (Schaef.) Pers. Site: 1 (15 
Sept. 1989). Many specimens of this beautiful 
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reddish-brown Amanita were found under 
maples and oaks. The species has been reported 
from Kentucky with few exact locality data 
(17). 

Amanita caesarea (Scop. ex Fr.) Grev. Site: 
7 (16 Sept. 1989). Three mature, bright red- 
dish-orange specimens with pale yellow gills 
grew under hickories. Previously reported from 
Kentucky without exact locality data. 

Amanita cokeri (Gilb. and Kuhn.) Gilb. Sites: 
1 (15 Sept. 1988), 3 (23 June 1989). Many sol- 
itary individuals were found in mixed woods 
at Site 1 and a few at Site 3. The pileus was 
pale tannish to dirty white and bore many 
pyramidal warts. There were large double, 
pendulous annuli. The white volva bore scales 
and warts in concentric rows. 

Amanita abrupta Pk. Site 2 (9 Sept. 1988). 
Two specimens of this distinctive species were 
found under pines; both had large, abrupt bulbs. 
Although seldom reported, this is one of the 
most common fall-fruiting Amanitas (17). 

Amanita fulva (Schaeff.) Pers. Site: 1 (15 
Sept. 1988). These small (60-65 mm across) 
brownish-orange mushrooms were abundant 
under maples and oaks. Previously reported 
from Kentucky without exact locality data (17). 

Amanita phalloides (Vaill. ex Fr.) Secr. Site: 
1 (15 Sept. 1988). This light brown to grayish- 
brown species is virulently poisonous (17). The 
specimens reported here were growing under 
maples in the lowlands. 

Amanita spreta (Pk.) Sece. Site: 2 (9 Sept. 
1988). This grayish-brown Amanita is some- 
times confused for A. phalloides. However, the 
pileus margin is not striate in A. spreta (17). 

Amanita virginiana (Murr.) Murr. Site: 1 
(15 Sept. 1988). Eleven specimens of this small 
(20-22 mm wide) Amanita grew under oaks. 
The grayish caps were strongly striated, the 
gills were white, and the volva formed a con- 
spicuous membraneous cup at the base. 

Amanita pantherina var. multisquamosa 
(Pk.) Jenk. Site: 1 (15 Sept. 1988). Numerous 
specimens of this pale tannish species were 
observed growing under oaks. The volval re- 
mains were soft and white, and the cap margin 
was distinctly striated. This is a poisonous 
species (17). 

Amanita ceciliae (Berk. and Br.) Bas. Site: 
1 (15 Sept. 1988). A fairly easily identifiable 
species, A. cecilae lacks a basal bulb but has a 
floccose volva. The margin of the tan to brown 
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pileus is deeply striated. The numerous spec- 
imens reported here grew beneath pines and 
oaks. 

Amanita vaginata (Bull. ex Fr.) Quel. Sites: 
1 (15 Sept. 1988), 3 (23 June 1989). The spec- 
imens at both sites lacked a distinct bulb, had 
a saccate volva, and had striated margins on 
the pileus. They were all pale gray and the 
gills were white. All of them grew under oaks 
and hickories. 

Amanita muscara formosa (Pers. ex Fr.) 
Bert. in DeCham. Site: 3 (23 June 1989). Grow- 
ing on a mossy hillside below pines, these pale 
yellow and striated mushrooms had collapsed 
rings high up on the stems and white bulbs 
with rings of scales, including the buttons. 

Amanita rubescens (Pers. ex Fr.) S. F. G. 
Site: 3 (23 June 1989). A few specimens of this 
reddish-brown mushroom were found under 
pines on a mossy hillside near the chief ranger’s 
quarters. The cap bore patches of tan warts, 
and the flesh turned red when the cap was 
scratched. The species has been previously re- 
ported from Kentucky without exact locality 
data. 


Agaricaceae 


Agaricus praeclaresquamosus Freeman. Site: 
1 (15 Sept. 1988). Many specimens were found 
growing in straw and leaf litter under maples. 
The ivory white pileus was covered by very 
fine blackish scales, and the lamellae were deep 
chocolate brown. The species was previously 
known from Kentucky only at Lake Cumber- 
land State Park (reported as A. sylvaticus Sch. 
ex Sec. (18). 

Agaricus arvensis Schaeff. ex Fr. Site: 4 (24 
Sept. 1988). Several large specimens were re- 
moved from a fertilized lawn and eaten. 

Agaricus campestris L. ex Fr. Site: 2 (11 
May 1989). Several submature specimens of 
this prized edible were growing under an open 
hardwood canopy. The gills were pink but the 
spore deposit was dark brown. This is a com- 
mon species on lawns and other grassy sites 
(18). 

Agaricus silvicola (Vitt.) Sacc. Site: 8 (8 Aug. 
1989). Three mature specimens were removed 
from a sawdust pile at the university green- 
house. 


Lepiotaceae 


Lepiota naucinoides Pk. Site: 2 (13 Sept. 
1988). A very large population of this pretty 
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parasol mushroom started fruiting on this date. 
Specimens were observed well into August. 

Chlorophyllum molybdites (Meyer) Mass. 
Site: 4 (21 Aug. 1988). Eight large and squa- 
mous specimens were found growing in bark 
mulch and lawn grass. The spore print was 
dark pea green. 


Strophariaceae 


Stropharia cf. rugosoannulata Fr. ex Murr. 
Site: 2 (16 May 1989). Many specimens were 
found growing around decaying hardwood 
stumps. All had reddish-brown caps with thin, 
crowded, grayish-purple gills. This species has 
been reported from Massachusetts and Wash- 
ington (19). 

Psilocybe coprophila (Bull. ex Fr.) Kum. Site: 
5 (8 Aug. 1989). Many specimens were found 
on cow patties. This species is widespread 
wherever cattle and other domesticated mam- 
mals are found (20). The 1-3 em cap was or- 
angish-brown and striated, and the gills varied 
from grayish-brown (young) to dark purple 
and black. This is a weakly hallucinogenic 
species (19). 

Pholiota flammans (Fr.) Kum. Site: 3 (23 
June 1989). Three beautiful specimens were 
growing in pine duff below pines on sandy soil. 
The cap was bright yellow and viscid, as were 
the gills. The viscid condition is transient in 
this and related species (21). 


Coprinaceae 


Coprinus miser Karst. Site: 5 (3 Aug. 1989). 
Hundreds of specimens were found on cow 
dung, some of them in the company of Psilo- 
cybe coprophila. This is a common, often over- 
looked, species in many parts of the world (20). 

Panaeolus sphinctrinus Fr. Site: 8 (16 May 
1989). A large colony of this pretty brown- 
capped mushroom was found on a well-ma- 
nured lawn near a decaying hardwood stump. 
This species is very close to the European P. 
campanulatus (Bull. ex Fr.) Quel. (19) and 
may not be separable from it, other than by 
way of geography. 

Panaeolus subbalteatus Beck. and Br. Site: 
8 (20 June 1989). A few mature specimens 
were found on a well-manured lawn. The caps 
were orangish-brown with a dark-brown band 
around the periphery. The gills were mottled 
brown with white edges. The stems were red- 
dish with many white hairs, whitish near the 
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base. There is a color photograph of this hal- 
lucinogenic mushroom in Stamets (19). 

Psathyrella candolleana (Fr.). Mre. Site: 4 
(24 April 1988). A small colony of mature in- 
dividuals were removed from chipped-wood 
mulch. The caps were chamois colored and the 
crowded gills were grayish-brown. The spore 
print was purplish-brown. One of the most 
common yet variable species in America (22). 

Psathyrella foenisecii (Fr.) A. H. S. Site: 8 
(11 May 1989). A large number of these brown- 
ish, umbonate mushrooms with dull, dark- 
brown gills was found on lawns. Some authors 
retain the species in Psilocybe (19). 

Psathyrella incerta (Pk.) A. H. S. Site: 8 (20 
June 1989). Found abundantly around a 
ground-level decaying ash stump, the caps av- 
eraged 3.5 cm in width. Fresh ones were clear 
yellowish, whereas older ones were pale buff. 
The gills were white in young specimens but 
soon became purplish. This is a relatively abun- 
dant species in the mid-South (22). 


Entolomataceae 


Entoloma sp. Site: 2 (27 May 1988). Several 
dozen of these small (2.5-3.5 em wide) brown- 
ish mushrooms grew on a lignum-rich lawn. 
The gills were grayish and the stipe was twist- 
ed. In most characters, this species seems closer 
to E. vernum Lundell (3) than any other. 

Entoloma cokeri Murr. Site: (15 Sept. 1988). 
A few specimens with grayish-brown caps (6.7 
cm wide) and white gills grew beneath maples 
and oaks. This is a rather common species in 
North Carolina and Tennessee (23). 

Entoloma grayanum (Pk.) Sacc. Site: 1 (15 
Sept. 1988). Three specimens, 4.7-7.6 cm wide, 
with grayish caps and pink gills were found 
growing under oaks. 

Entoloma sp. Site: 1 (1 Aug. 1988). Found 
under oaks, these shield-shaped mushrooms 
were large (14.7-21.2 cm wide) and whitish- 
brown with yellowish-white lamellae and a 
pinkish spore print. The specimens seemed 
more similar to E. sinuatum (Bull. ex Fr.) Kum. 
(3) than any other species. 

Entoloma salmoneum (Pk.) Sacc. Site: 1 (23 
June 1989). Eight mature specimens were 
growing on a severely rotted hickory log. The 
caps were salmon-egg colored and the gills were 
apricot orange. The spore print was chamois- 
brown. A fairly widely distributed species in 
Virginia, Tennessee and the Carolinas (23). 

Entoloma serrulatum (Fr.) Hes. Site: 3 (23 


June 1989). Abundant under beech and oaks. 
All specimens were grayish-violet with light 
pink, black-edged lamellae. Common in North 
Carolina and Tennessee (23). 


Bolbitiaceae 


Conocybe lactea (Lge.) Metr. Sites: 1 (15 
Sept. 1988), 4 (25 Sept. 1988). Abundant but 
scattered at both localities, these small white 
mushrooms grew on leaves. The crowded gills 
were tawny, and the spore deposit was bright 
rust colored. Smith and Weber (9) presented 
a color photograph. Several species of Cono- 
cybe are poisonous (19). 


Cortinariaceae 


Cortinarius subpurpurascens Fr. Site: 2 (6 
Oct. 1989). Abundant specimens were found 
on the ground under a mixed hardwoods-pine 
canopy. 

Cortinarius gentilis (Fr.). Fr. Site: 3 (23 June 
1989). Seven mature specimens were growing 
on the ground among oak leaves, moss, and 
lichens. 

Hebeloma crustuliniforme (Bull. ex Fr.) 
Quel. Site: 8 (9 May 1988). A very large fruit- 
ing colony occurred on a well-drained lawn 
under ash trees. 

Galerina cerina Smith. Site: 3 (23 June 1989). 
Several tawny specimens were found growing 
in beech leaves and moss. These forms are 
probably G. cerina var. ampullicystis A. H. S. 
and Sing. (24). 

Galerina autummnalis (Pk.) A. H.S. and Sing. 
Site: 1 (16 May 1989). These rusty-brown 
mushrooms, with gills the same color as the 
cap but lighter, grew close to a much-decayed 
hardwood log under oaks. The stipe was dark- 
brown, whitish near the base. Galerina autum- 
nalis is deadly poisonous (19). 

Galerina tibicystis (Ark.) Kuh. Site: 3 (23 
June 1989). A few specimens were found grow- 
ing on the ground among lichens and oak leaves. 


Pluteaceae 


Pluteus aurantiorugosus (Trog.) Sacc. Site: 
4 (3 Aug. 1989). Three beautiful orangish-yel- 
low and mature specimens with salmon-col- 
ored gills were found in deep chipped-wood 
mulch. The species also grows in swampy areas 
(25). 

Volvariella hypopithys (Fr. ex Karst.) Mos. 
Site: 1 (15 Sept. 1988). Two 4.5 cm wide spec- 
imens with rather silky, pale grayish-white caps 
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and flesh-colored gills were found on the ground 
in litter under maples and pines. The spore 
print was pink. Reported from Michigan, 
Pennsylvania, and more distant sites, this species 
is not common in Kentucky (26). 

Volvariella bombycina (Pers. ex Fr.) Sing. 
Site: 1 (15 Sept. 1988). One mature specimen 
with a very silky, campanulate and white cap 
was removed from a firm, dead maple. This 
species is wide-spread in all the states sur- 
rounding Kentucky (26). 


Crepidotaceae 


Tubaria furfuracea (Pers. ex Fr.) Gill. Site: 
6 (15 Oct. 1988). Three mature specimens were 
removed from a wet, decaying log. 


Phallaceae 


Phallus impudicus Pers. Site: 5 (20 June 
1989). A single, fully mature specimen of this 
oddball fungus was removed from a shaded 
lawn. Most of the specimen consisted of large 
reticulated chambers filled with olive-drab 
slime. This is not a very commonly encoun- 
tered species east of the Mississippi River (39). 


Lycoperdaceae 


Bovista plumbea Pers. ex Pers. Site: 1 (15 
Sept. 1988). Many golfball-sized (or smaller) 
specimens were found growing on sand under 
Virginia pines. All specimens were attached to 
the substratum by means of the typical (39) 
fibrous mycelium. 

Bovista pusilla Pers. Site: 4 (25 Sept. 1988). 
A small colony of mature individuals was re- 
moved from bark mulch in a flower garden. 

Calvatia cyathiformis (Bosc) Morg. Site: 2 
(9-13 Sept. 1988). Many large individuals grew 
under ashes and oaks. This puffball tends to 
produce a pattern of cracks on the surface (39), 
although the specimens reported here did not 
exhibit that feature. As they matured, the spore 
masses became deep purplish-brown. 

Calvatia craniiformes (Schw.) Fr. Site: 2 (21 
Sept. 1988). Several large specimens were found 
growing on a lawn under black walnuts. Typ- 
ically, this isan open-forest species (39). As the 
specimens matured, the thin cortex pealed 
away to expose the yellowish-green glebula. 

Calvatia gigantea (Bot. ex Pers.) Lloyd. Site: 
7 (16 Sept. 1988). Fifty or more very large 
specimens were found in a grassy field next to 
a cultivated area. The specimens were all white 
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and globular, and three of them were larger 
than 40 cm in diameter. 

Lycoperdon echinatum Pers. ex. Pers. Site: 
2 (9 Sept. 1988). Four colonies of this small, 
white and hairy puffball were found under 
mixed hardwoods. 

Lycoperdon pyriforme Sch. ex Pers. Site: 6 
(15 Oct. 1988). An enormous colony complete- 
ly covered a moist hardwood log. 

Lycoperdon perlatum Pers. Site: 3 (23 June 
1989). One specimen was found on a mossy 
hillside under hardwoods. A common species 
in much of Kentucky (40). 


Sclerodermataceae 


Scleroderma citrinum Pers. Site: 6 (15 Oct. 
1988). Two well-formed individuals of this false 
puffball were found growing in burnt wood 


debris. 


Boletaceae 


Tylopilus felleus (Bull. ex Fr.) Karst. Site: 1 
(15 Sept. 1988). Numerous but scattered in- 
dividuals were found under mixed woods (oaks, 
maples, hickories, pines). The large caps (9- 
12.6 cm) were brown, the context was whitish, 
and the tubes were pale wood-brown and they 
stained cinnamon-brown when scratched. The 
taste was very bitter. The preferred habitat for 
the species usually includes oaks (27) and co- 
nifers (28). This is a common late-summer 
species in Ohio (29) and North Carolina. 

Tylopilus tabacinus (Pk.) Singer. Site: 3 (23 
June 1989). A single specimen with an 11.2 cm 
wide, brown cap with tawny-brown pores that 
changed slowly to brownish-violet when 
scratched was found growing under oaks on a 
mossy hillside. 

Boletus frostii Russ. in Fr. Site: 1 (15 Sept. 
1988). Three beautiful blood-red specimens 
with yellow flesh and red pores were found 
beneath pines. The pore layer turned blue upon 
being scratched. 

Boletus campestris Smith and Thrs. Site: 8 
(6 Oct. 1988). Two rosy red, short specimens 
with greenish-yellow pores were found grow- 
ing in lawn grass. 

Boletus variipes Pk. Site: 1 (1 Aug. 1989, 15 
Sept. 1988). This tan-capped species with whit- 
ish-yellow pores was common under oaks and 
maples at this site. It apparently avoids deeply 
shaded habitats (28). 

Boletus auripes Pk. Site: 1 (15 Sept. 1988). 
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Scattered and chrome-yellow pores and gold- 
en-yellow stipes were found. Care must be ex- 
ercised not to confuse this species with B. im- 
politus Fr., a rare but similar species (27). 

Boletus curtisii (Berk.) Sing. Site: 1 (15 Sept. 
1988). A few specimens of this moist, bright- 
yellow bolete were found growing under pines 
and oaks. The pore layer and stipe were also 
yellow, both unchanging upon being scratched. 
Originally described from South Carolina (30). 
Weber and Smith (31) presented a color pho- 
tograph. 

Boletus speciosus Fr. Site: 1 (15 Sept. 1988). 
Four well-formed specimens of this beautiful 
bolete were found at widely scattered locations 
under oaks. The caps (10.2-11.5 cm wide) were 
dull rose-pink with yellowish context showing 
through cracks. The pore layer was bright yel- 
low but immediately turned dark blue upon 
being scratched. The spore deposit was green- 
ish-brown. 

Boletus peckii Fr. in Pk. Site: 1 (1 Aug. 
1989). Two deep-red specimens with pale yel- 
low pores that turned blue when scratched were 
found growing under oaks in deep leaf litter. 
The reticulated stipe was yellowish next to the 
pores but progressively redder downward. The 
species ranges from Nova Scotia to Ontario and 
southward to Georgia, Tennessee (27) and 
North Carolina (30). 

Boletus subvelutipes Pk. Site: 3 (23 June 
1989). A single specimen was collected from a 
mossy hillside with sandy soil and oaks. The 
cap was brown and the tube layer was orang- 
ish-red (turned blue when scratched). The 
brownish stipe was not reticulated. The spore 
deposit was brown, although others have re- 
ported it as being olive-brown (28). A color 
photograph was presented in reference 9. 

Boletus edulis Bull. ex Fr. Site: 3 (23 June 
1989). Two large, biscuit-brown specimens 
were found growing under oaks. 

Suillus pictus (Pk.) Sm. and Thr. Site: 6 (15 
Oct. 1988). Numerous but scattered specimens 
were found associated with white pines along 
the foot trail. All the caps were coarsely scaley 
and brick-red with yellow flesh showing below 
the scales. Some specimens exhibited the rem- 
nants of veil materials on the cap margins. This 
is one of the most readily identifiable species 
of Suillus (32). 

Suillus americanus (Pk.) Snell in Skipp and 
Snell. Site: 1 (1 Aug. 1989). Numerous speci- 
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mens were found under white pines and oaks. 
The caps and tube mouths were bright yellow, 
as was the slender stalk. The margins of some 
of the caps retained cottony veil materials. 
There was no evidence of an annulus; the veil 
is seldom attached to the stipe (32). 

Austroboletus gracilis (Pk.) Wolfe. Site: 1 (1 
Aug. 1989). A few scattered individuals were 
found growing under pines and oaks. The small 
(506.5 cm wide) caps were cinnamon-brown; 
the stipes were the same color. The tubes were 
white to pale pinkish-white. The spores are 
reportedly ornamented by punctae (28). 

Leccinum aurantiacum (Bull. ex St. Amans) 
S. F. G. Site: 9 (14 Aug. 1988). A single mature 
specimen was found growing under oaks and 
pines in litter. The convex pileus was dull red- 
dish-brown, showing white flesh in cracks. 
When scratched, the olive-brown pore layer 
slowly turned dark olive-brown. 

Pulveroboletus ravenelii (Berk. and Curt.) 
Murr. Site: 1 (15 Sept. 1988). Scattered indi- 
viduals of this small bright-yellow bolete were 
found growing under pines. The tube mouths 
were lemon-yellow but turned greenish-blue 
upon being scratched. The slender, pale-yel- 
low stipe showed pink when bruised. 


Cantharellaceae 


Gomphus floccosus (Schw.) Sing. Site: 3 (23 
June 1989). Four beautiful infundibuliform 
specimens were found growing beneath hem- 
locks. All of them were reddish-orange above 
with cream-colored hymenophores. The pileus 
may also be yellowish (33). 


Clavariaceae 


Clavaria vermicularis Fr. Site: 3 (23 June 
1989). A small colony was found growing on 
a much-decayed beech log. 

Sparassis crispa Wulf. ex Fr. Site: 1 (1 Aug. 
1989). One large colony grew at the base of a 
Virginia pine. 

Sparassis spathulata (Schw. ex Fr.) Fr. Site: 
1 (15 Sept. 1988). A large colony of this curious 
fungus was found growing in decaying hard- 
wood debris. 


Hydnaceae 


Phellodon confluens (Pers.) Pouzar. Site: 4 
(15 Sept. 1988). Two solitary specimens were 
found under red maples. Both had concentric 
zones on the whitish cap. The central stipes 
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were orangish-brown and cottony white at the 
base. Phellodon amicum (Quel.) Bk. is a syn- 
onym (34). 

Phellodon alboniger (Pk.) Bkr. Site: 1 (1 Aug. 
1989). One large, well-formed specimen was 
found growing on the ground under oaks and 
pines. The grayish-white pileus was 8.6 cm 
wide, and it was very spongy. The innermost 
subsurface was deep black. The stipe was slen- 
der above the base and slightly darker in color 
than the pileus. The spines were fairly long 
(over 3.2 mm) and heavily crowded and gray. 
This species is very similar to P. niger (Fr.) 
Kars. in that both species have a hard, black 
inner layer. However, P. niger has a depressed 
pileus that is olive-gray to dark gray in color 
(34). 

Mycorraphium adjustum (Schw.) M. Fees. 
Sites: 1 (1 Aug. 1989), 2 (1 Aug. 1988). Nu- 
merous specimens were found growing on a 
decaying hardwood log at Site 2, whereas those 
at Site 1 grew in woody debris on the ground. 
This is a common species in Kentucky. 

Hydenellus peckii Bank. Site: 3 (23 June 
1989). A single well-formed individual with 
long spines was found growing on a decayed 


log. 
Corticiaceae 


Merlinus incarnatus Schw. Site: 1 (15 Sept. 
1988). A large colony was found on a partially 
burned and decaying hardwood log. The car- 
pophores were adpressed, partially encrusting, 
but with a few shelf-like members. The hy- 
menium was yellowish-orange. 


Polyporaceae 


Phaeolus schweinitzii (Fr.) Pat. Site: 1 (15 
Sept. 1988). A dozen or more nearly sessile 
individuals grew on the roots of beech trees. 
The wooley surfaces were pale grayish-yellow 
and the pore surfaces were yellowish. This im- 
portant brown-rot species (35) also occurs on 
various conifers (36). 

Spongipellis pachyodon (Pers.) Kotl. and 
Pouz. Site: 2 (31 May 1988). An extensive col- 
ony of this encrusting fungus was found on a 
barkless, dead pine. 

Daedalea quercina Linn. ex Fr. Site: 5 (31 
May 1988). Three old specimens were found 
on a dying oak. 

Tonotus dryadeus (Fr.) Murr. Site: 5 (9 Sept. 
1988). Tiers of very large shelves were found 
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on a pin oak. These specimens perservered 
through the winter, and in the summer of 1989 
the tree died and was removed. 

Laetiporus sulphureus (Bull. ex Fr.) Bone. 
and Sing. Sites: 2 (21 Sept. 1988), 5 (13 Sept. 
1988). A very heavy, large shelf was removed 
from the roots of a linden tree at Site 5, and 
numerous specimens were found on black lo- 
cust trees at Site 2. 

Ganoderma applanatum Pers. ex Wall. Site: 
5 (9-13 Sept. 1988). This distinctive species 
was very abundant during the summer and 
fall of 1988 on crabapples and black and pin 
oaks. Ganoderma is often placed in a family 
of its own, the Ganodermaceae (36, 37). 

Ganoderma lucidum (Ley. ex Fr.) Kar. Site: 
5 (3 Aug. 1989). Several well-formed speci- 
mens were removed from pin oaks. 

Polyporus arcularius Bat. ex Fr. Site: 1 (1 
Aug. 1989). A few specimens were removed 
from beech logs. 

Polyporus squamosus Fr. Site: 3 (23 June 
1989). One well-formed specimen was re- 
moved from a decaying log of indeterminate 
species. 

Lenzites betulina (Fr.) Fr. Site: 7 (16 Sept. 
1988). Several specimens of this common de- 
lignifying (38) fungus were removed from 
hardwood logs. 

Trametes versicolor (L. ex Fr.) Pil. Site: 5 
(6 Oct. 1988). A very small colony of this com- 
mon but highly variable species (36) was found 
on the butt of a Norway maple stump. It is an 
important sap-rot species (38). 

Pycnoporus cinnabarinus (Jacq. ex Fr.) 
Karst. Site: 1 (1 Aug. 1989). Two bright red 
specimens were removed from a fallen conif- 
erous log. This is a common species in Ten- 
nessee (36). 

Bondarzewia berkeleyi (Fr.) Sing. Site: 1 (15 
Sept. 1988). A large, well-developed growth 
was removed from an oak stump. 

Inonotus hispidus (Fr.) Fr. Site: 6 (6 Sept. 
1988). Numerous specimens were found on 
burnt, decaying wood. The black locust is a 
common host (38). 

Omnia tomentosa (Fr.) Karst. Site: 2 (6 Oct. 
1988). Several well-developed specimens grew 
on buried, dead white-pine wood. 


Steccherinaceae 


Schizopora paradoxa (Schrad.) Donk. Site: 
5 (8 Aug. 1989). An extensive colony of this 
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pale yellowish-white fungus was found on a 
large sawdust pile near the greenhouse. An 
uncommon species in our area. 


Stereaceae 


Stereum cf. ostrea (Blume and Nees ex Fr.) 
Fr. Site: 1 (1 Aug. 1989). A large number of 
these rather leathery, grayish-brown caps with 
indistinct zonation was found on a white pine 
log. Rare in North Carolina (36). 

Stereum insignitum (Wild.) S. F. G. Site: 2 
(28 July 1988). A small cluster of this attractive 
little fungus grew on decaying wood. This is 
an uncommon species in Kentucky (38). 


NOTES ON MYXOMYCETES 


In addition to the species previously report- 
ed (41), the following are reported here. 


Stemonitaceae 


Stemonitis nigrescens Rex. Site: 2 (15 Sept. 
1988). A small colony was found on a burnt 
hardwood stump. Stemonitis (about 20 species) 
is a widespread genus, and at least 3 species 
are nearly ubiquitous, including the species 
reported here (42). 


Physaraceae 


Physarum decipiens Curt. Site: 2 (15 Sept. 
1988). Several small colonies were found on a 
large, barkless ash tree stump. The sporangia 
were pale whitish-yellow and granular on the 
surface, and the spore mass was nearly black. 
There is a colored illustration in 42. 

Physarum rubiginosus Fr. Site: 2 (15 Sept. 
1988). Four small, red clusters of sporangia 
filled with brown spore masses were found on 
burnt wood. 
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ABSTRACT 


Fecal coliforms and fecal streptococci from groundwater in the karstic Lost River system were isolated on 
membrane filters (MF) and subsequently identified by means of API systems appropriate for fecal coliforms 
(FC) and fecal streptococci (FS). All typical streptococcal colonies were identified as FS by the 20S system. 
However, only 92.1% of the FC colonies were identified as Escherichia coli by the 20E system, with the 
prevalent biovars being implicated as pathogens. Colonies producing falsely positive FC reactions on MF 
were identified by the 20E system as members of the genera Acinetobacter, Citrobacter, Enterobacter and 
Klebsiella. There were many FC/FS ratios >4.0 and fewer but frequent FC/FS ratios of 0.4, indicating 
contamination from, respectively, septic tanks and animals. Clostridium perfringens was also present. These 
data indicate fecal contamination of the Lost River system and present the first verification of the isolation 


on MF of FS from a karstic aquifer. 


INTRODUCTION 


Bowling Green, Kentucky is believed to be 
one of the largest cities in the U.S. located upon 
a karst landscape. Karst terrains are very sus- 
ceptible to pollution from many sources due 
to rapid recharge into and fast flow rates within 
conduit systems. Most of Bowling Green is lo- 
cated within the Lost River Karst Groundwater 
Basin on the Pennyroyal Sinkhole Plain where 
conduit flow is the predominant form of un- 
derground water transport. The Lost River Rise 
and Graham Spring, two of the largest springs 
in Kentucky, flow into the Barren River at 
Bowling Green. Thus, Bowling Green is the 
focal point for the resurgence of groundwater 
for the majority of the underground streams 
that flow beneath the sinkhole plain in Warren 
County. Therefore, this area is an ideal location 
for an investigation of nonpoint source prob- 
lems associated with karst aquifer systems. A 
more detailed bacterial analysis of the water 
is needed to better pinpoint the pollution that 
may be occurring. 

Fecal streptococci and fecal coliform den- 
sities have been used to indicate fecal contam- 


ination of waters. However, since fecal coli- 
forms are heterogeneous, their usefulness as 
indicators would be enhanced by grouping 
them into biovars. It possibly would be labo- 
rious and time-consuming to run ancillary bio- 
chemical tests to determine meaningful rela- 
tionships between sources of pollution and 
potential health hazards by identifying fecal 
coliforms, but a numerical biovar code system 
based on the results of 21 standardized bio- 
chemical tests (API 20E system, Analytab 
Products, Inc., Plainview, New York) is avail- 
able for this purpose. Other studies have in- 
dicated that fecal coliforms should be verified, 
since not all typical fecal coliforms recovered 
by the Membrane Filter (MF) technique turned 
out to be Escherichia coli (1, 2). Likewise, fecal 
streptococci counts may mistakenly include 
nonrelevant streptococci. Since a standardized 
biochemical system is available to identify 
streptococci (API 20S system, Analytab Prod- 
ucts, Inc., Plainview, New York), the identities 
of the streptococci isolated by the MF tech- 
nique can be verified. 

The purpose of this study was to determine 
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Fic. 1. Map of Lost River Karst Groundwater Basin 
showing sampling sites. 


if water from the Lost River Groundwater Ba- 
sin contained feasibly recoverable and biotyp- 
able bacteria, particularly fecal coliforms and 
streptococci and clostridia, indicating fecal 
pollution contamination. 


MaTERIALS AND METHODS 
Study Sites and Sample Collection 


Four sites within the Lost River Ground- 
water Basin were selected for monitoring and 
sampling: Lost River Rise (primarily conduit 
flow), By-Pass Cave, Lost River Blue Hole, and 
the Federal Well at Western Kentucky Uni- 
versity’s (WKU) farm (primarily diffuse flow). 
These sampling sites are shown in Figure 1. 
Water samples were collected during storm 
events that occurred during the 4 seasons of 
the year at these 4 sampling sites in sterile 
bottles and stored on ice for transport to the 
laboratory. The samples were then analyzed 
for fecal coliform and fecal streptococci by the 
Resources Management Institute (RMI) Water 
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Laboratory at WKU. Clostridium perfringens 
analysis was performed in the Microbiology 
Laboratory at WKU. 


Enumeration of Indicator Bacteria 


The bacterial counting procedure involved 
quantitation of fecal coliform (FC) and fecal 
streptococci (FS) by the MF technique as de- 
scribed by the American Public Health Asso- 
ciation (3). 

The original counts of fecal coliforms and 
streptococci were obtained from the RMI Lab- 
oratory. These counts were used to calculate 
FC/FS ratios that indicate whether bacterial 
contamination is due to human or animal 
sources. Ratios >4 indicate pollution derived 
primarily from human wastes; those <0.7 in- 
dicate pollution derived primarily from ani- 
mal wastes. In general, the lower the FC/FS 
ratio, the more likely the pollution is due to 
nonhuman sources. Likewise, the higher the 
ratios, the more likely it originated from hu- 
man fecal contamination (4). The utility of 
FC/FS ratios has been questioned (5) but the 
data of Sayler et al. (6) certainly suggested that 
the ratio is a qualitative pollution index. 

In quantifying C. perfringens, duplicate tests 
were conducted on all water samples within 
24 hr after collection. Each test consisted of 
filtering 30-ml and 50-ml volumes of the water 
sample through membrane filters then trans- 
ferring them onto C. perfringens—selective 
medium (7) in disposable petri dishes (4.8 x 
8.5 mm). The plates were then incubated an- 
aerobically in Gas Pak jars (BBL) at 45°C for 
24 hr and the resulting pink colonies counted. 
After incubation, representative colonies of C. 
perfringens colonies were then verified by the 
Reverse Camp Test (8). 


Isolation and Identification of FC 
and FS Colonies 


After 24 hr incubation of the MF plates at 
44.5°C, up to 10 typical blue colonies counted 
as fecal coliform by the RMI Laboratory were 
picked and streaked for isolation on Levine 
Eosin Methylene Blue (LEMA) Agar. These 
plates were incubated for 18-24 hr at 35-37°C 
and the morphology of the resulting colonies 
noted. A colony from each plate was trans- 
ferred to a nutrient agar slant and incubated 
for 18-24 hr at 35-37°C. The resulting slant 
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culture was tested for oxidase. The oxidase- 
negative cultures were then identified by the 
API 20E system. 

After 24 hr incubation of MF plates, 10 typ- 
ical black colonies identified by RMI’s Labo- 
ratory as fecal streptococci were streaked for 
isolation on plates containing Pfizer Selective 
Enterococcus (PSE) Agar. The plates were then 
incubated for 18-24 hr at 35-37°C. Represen- 
tative isolated colonies that blackened PSE agar 
during incubation were transferred onto Brain- 
Heart Infusion Agar (BHIA) slants and incu- 
bated for 18-24 hr at 35-37°C. Each BHIA 
slant culture from the 18-24 hr incubation was 
tested for catalase. The catalase-positive cul- 
tures were discarded and all catalase-negative 
cultures were identified by the API 20S system. 


RESULTS AND DISCUSSION 


During the sampling period, most of the 
water samples collected from the 4 sites of the 
Lost River Groundwater Basin yielded bacte- 
rial counts indicating pollution. Considerable 
increase in FC, FS and C. perfringens densities 
occurred during storms, indicating these bac- 
teria entered the aquifer from several routes. 
Many FC/FS ratios greater than 4 were found, 
indicating contamination from septic tanks. 
Ratios less than 0.4 were also frequent, indi- 
cating contamination from animals other than 
humans. 

Of the 334 blue colonies classified as FC, 
309 (92.5%) were verified by the API 20E sys- 
tem as E. coli. Lavoie (11) identified blue col- 
onies which appeared on M-FC medium after 
24 hr incubation at 44.5°C and found 66% to 
be E. coli. His water samples were from a 
tropical climate as compared to those of this 
study, from a temperate climate. His water 
sample temperatures averaged 30°C which 
would permit the development of many non- 
coliforms. Other investigators have also iso- 
lated bacteria that gave false-positive response 
with the MF technique. Bagley and Seidler (1) 
found Klebsiella pneumoniae to give the re- 
action of a fecal coliform. Adams (1) found 
that Enterobacter aerogenes, isolated from a 
sulfur hot spring, gave a positive fecal coliform 
test. 

In this study, members of 4 genera of bacter 
apparently gave falsely positive FC tests: Aci- 
netobacter calcoaceticus var. anitratum (2.1%), 
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Enterobacter cloacae (1.2%), Klebsiella pneu- 
moniae (0.9%), K. oxytoca (0.9%), E. sakazakii 
(0.6%), Citrobacter amalonaticus (0.3%) and 
C. freundii (0.3%). A. calcoaceticus var. ani- 
tratum produced distinct tiny blue colonies on 
LEMA, which facilitated their identification. 
Spino et al. (10) also found this to be true. 
Lavoie (11) did not find that Acinetobacter 
spp. produced blue colonies on M-FC medium, 
but species of Klebsiella, Enterobacter and 
Citrobacter did, as was true in this study. In 
addition, he (11) found species of Salmonella, 
Serratia, Proteus and Yersinia to produce blue 
colonies in the fecal coliform test. None of 
these bacteria were isolated during the present 
study. In addition, Rivera et al. (20) recently 
found that Pseudomonas cepacia and Kluivera 
spp. gave a positive presumptive test on M-FC 
medium. Regardless of the taxonomic position 
of the blue colonies isolated on M-FC medium 
at 44.5°, it is clear that, by color, they cannot 
be distinguished from FC in a routine bacte- 
riological water analysis. Thus it appears that 
multiple criteria should be used in determining 
water quality beyond the presumptive stage 
of characterization. 

The most frequently (42.1%) identified E. 
coli from the fecal coliform test had an API 
profile No. 5144572. This biovar always oc- 
curred the most frequently regardless of the 
season of year when sampling was done. The 
second most frequently identified biovar of E. 
coli (15.2%) had an API profile No. 5044552. 
This biovar has an increased frequency of oc- 
currence in the late summer and fall. These 
two biovars accounted for 177 (57.3%) of the 
309 E. coli isolates and represented more than 
half (53%) of the total number of fecal coliform 
colonies identified. Little information is avail- 
able in the literature concerning the frequency 
of E. coli biovars isolated from the environ- 
ment. Davies (12), using the API 20E system, 
determined the biovars of 574 strains of E. coli 
isolated from patients with urinary tract in- 
fection. Fifty five different biovars were iden- 
tified and the one most frequently identified 
was E. coli API profile 5144552. In the present 
study, this biovar accounted for 6.8% of the E. 
coli isolates and was isolated from all sampling 
sites. The sampling site where this isolate was 
obtained most often (7 isolates) was the WKU 
Well on the WKU farm. The biovar account- 


180 


TaBLE 1. Fecal coliforms and streptococci in a karst aqui- 
fer system. 
FC/FS 
Dates Lost River By-Pass Lost River WKU 

sampled Rise Cave Blue Hole — Farm Well 
Oct. 12 19.6 1.3 0.53 — 
Nov. 18 0.83 — >4.8 0.01 
Nov. 22 >9.0 — 4.0 0.03 
Mar. 20 0.7 6.5 0.93 0.35 
Mar. 23 2.4 — 0.70 0.1 
Sept. 12 >4.5 7.0 = 


FC/FS = Fecal coliform/fecal streptococci ratio. 
— = No data available 


ing for the next highest number of isolates in 
Davies’ (12) study was API profile 5144572. As 
already noted, this was the biovar isolated most 
often from the karst aquifer system. These 2 
biovars accounted for 42% of the strains iso- 
lated by Davies (12). These biovars, which cause 
urinary tract infections, are also found in the 
Lost River Groundwater Basin. Fuentes et al. 
(13) found fecal coliform-positive strains of K. 
pneumoniae in 2 commercial batches of frozen 
orange juice concentrate. Of 20 randomly se- 
lected positive fecal coliform colonies, 18 (90%) 
were identified as K. pneumoniae API profile 
5215773. They emphasized the fact that K. 
pneumoniae is a well-known opportunistic 
pathogen. This biovar was also isolated from 
the WKU well on the WKU farm. 

The 65 colonies from the 4 sampling sites 
classified as FS by the MF technique yielded 
5 species: S. durans, S. bovis, S. faecalis, S. 
avium and S. faecium. The most frequently 


TABLE 2. 


Species 


Lost River 
Rise 
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identified streptococcal species was S. durans 
(76.9%). The most frequently isolated S. du- 
rans (33.9%) had an API profile of 5200441. 
The authors have not found reports of strep- 
tococcal biovars from the environment for 
comparison purposes. All the streptococci iso- 
lated in this study were verified as fecal strep- 
tococci. It should be noted that Rebecca Lance- 
field introduced a serologic classification of 
streptococci into groups (A to H and K to V). 
This system was based on antigenic difference 
in cell wall composition. The species of Group 
D streptococci are currently divided into en- 
terococci (Enterococcus faecalis, E. faecium, 
E. durans) and nonenterococci (S. equinus and 
S. bovis) (14). E. faecalis and E. faecium are 
isolated from human feces and are important 
agents in human infections. In previous work 
Littel and Hartman (15) found S. faecium, S. 
durans and S. casseliflavoum were so closely 
related that they considered these organisms 
as the same under the group name S. faecium. 

Streptococcus bovis are Group D nonentero- 
cocci and are associated with animal feces; S. 
bovis has been implicated as causing subacute 
bacterial endocarditis and is found in other 
human infections as well, such as colon car- 
cinomea (16). Ator and Starzyk (17), in deter- 
mining the ecology of FS in rivers and streams, 
isolated S. bovis only once. In this study, S. 
bovis was isolated 3 times, all from the Lost 
River Blue Hole sampling site. 

FC/FS streptococcus ratios are useful for 
assessing pollution sources (18). The FC/FS 


Bacterial species isolated at the sampling sites. 


Sampling sites 


WKU Farm 
Well 


Lost River 
Blue Hole 


By-Pass 
Cave 


Enterobacter cloacae 
Enterobacter sakazakii 
Citrobacter alamonaticus 
Citrobacter freundii 
Escherichia coli 
Klebsiella oxytoca 
Klebsiella pneumoniae 
Acinetobacter calcoaceticus var. anitratum 
Streptococcus avium 
Streptococcus bovis 
Enterococcus faecalis 
Enterococcus faecium 
Enterococcus durans 
Clostridium perfringens 


+ = present. 
— = absent 


l 
b+t1t+4++ 
t+tt1 titi etl 
bl tttts+i 


+++4+141 
l++1 


NONPOINT POLLUTION IN Karst AQUIFERS—Green et al. 18] 


ratios were variable but indicated both farm- 
land and human pollution in this karstic sys- 
tem. The extent of pollution was quite severe 
on occasions, as FC/FS ratios as high as 19.6 
were obtained (Table 1). The high FC/FS ra- 
tios support the hypothesis that groundwater 
is contaminated by effluents from septic tanks. 
Crawford (19) reported that septic tank ef- 
fluents were seen dripping from the ceiling in 
the Lost River Cave. Elliott (20) also reported 
seeing sewage and smelling sewage odors in 
two caves in this system. 

Clostridium perfringens was not detected 
in water samples until early fall. All sites except 
WKU Well, yielded C. perfringens densities 
that showed marked increases during rains. No 
C. perfringens was isolated from the WKU 
Well. The By-Pass Cave water samples had the 
highest countable plates, 200 colonies/100 ml 
while Lost River Blue Hole had 70 colonies/ 
100 ml and the Lost River Rise had 77 colo- 
nies/100 ml. All C. perfringens colonies iso- 
lated were verified as having a positive Reverse 
Camp Test. Hansen and Elliott (21) isolated 
and enumerated C. perfringens from the Bar- 
ren River and sewage effluent from the sewage 
treatment plant in Bowling Green, Kentucky. 
They found a mean value of 31 CFU/ml of 
C. perfringens from effluent water from the 
sewage treatment plant. If counts in the Lost 
River system exceed 31 CFU/ml it could be 
indicative of fecal pollution at that site. On 
several occasions, especially during rains, counts 
exceeded 31 CFU/ml in the Lost River system. 

As indicated in Table 2, the results of this 
study show a clear and uniform presence of 
fecal contamination in the karst aquifer in 
Warren County, Kentucky. 
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ABSTRACT 


During its 75 years, the Kentucky Academy of Science has been the forum for many geographic ideas as 
well as for persons identified as geographers. Geographic ideas and geographers associated with the Kentucky 
Academy of Science and its meetings may usefully be grouped into 5 eras, namely: 1. a Pre-Geography Era, 
1914-1928; 2. an Early Geography Era, 1929-1953; 3. an Intermediate Geography Era, 1954-1970; 4. a 
Later Geography and Geography Section Era, 1971-1983; and 5. a Recent Geography Era, 1984-1989, the 
last including geographers, Geography Section annual meetings and, beginning in 1984-1985, a series of 
annually appointed State Geographers of Kentucky. Geographic ideas, geographers, the annual Geography 
Section meetings, as well as some other geographic developments, are reviewed within the context of the 
1989 Diamond Anniversary Meeting of the Kentucky Academy of Science. 


INTRODUCTION 


In 1989 the Kentucky Academy of Science 
(hereafter KAS) celebrated its seventy-fifth year 
since its establishment at a first meeting in 1914 
at the University of Kentucky (1). The KAS’s 
Diamond Anniversary year provided a useful 
benchmark to review involvements of geog- 
raphers and of other scholars expressing geo- 
graphic or spatial ideas in the KAS. This paper 
has as its purpose a review of these geograph- 
ically-inclined persons and their ideas during 
the 75-year span of the KAS since 1914. The 
principal source has been The Transactions of 
the Kentucky Academy of Science (2). Begin- 
ning in 1973, the Proceedings of the Geog- 
raphy Section, Kentucky Academy of Science, 
has been a second, usually annual, and much 
more detailed source for geographers and geo- 
graphic ideas (3). 

A review of meetings, members and papers 
presented before the Kentucky Academy of 
Science indicates several “eras.” These are: 


1. Pre-Geography Era, 1914-1928; 

2. Early Geography Era, 1929-1953; 

3. Intermediate Geography Era, 1954-1970; 

4. Later Geography and Early Geography 
Section Era, 1971-1983; and 

5. Recent Geography Era, 1984-1989. 


This discussion uses these arbitrary and au- 
thor-identified ‘eras’ to review notable ideas, 
activities and persons contributing to the pres- 
ent-day geographic situation in or associated 
with the KAS. 


Pre-Geography Era, 1914-1928 


This earliest era is misnamed to the extent 
that several of the “non-geographers” within 
KAS contributed papers which were strongly 
geographic. As early as the second KAS meet- 
ing in 1915, Arthur M. Miller, Professor of 
Geology at the University of Kentucky, read 
a paper with considerable geographic content 
dealing with north-central Kentucky (4). J. E. 
Barton’s 1918 paper on eastern Kentucky for- 
est conditions also had some geographic con- 
tent (5). In 1926 J. S. McHargue, University of 
Kentucky Agricultural Station, read a paper 
on Kentucky Bluegrass, providing valuable 
geographic as well as botanical insights (6). 

In this earliest era, however, the geologists 
Willard Rouse Jillson and Wilbur Greeley Bur- 
roughs were the 2 most notable contributors 
of geographic ideas. Dr. Jillson was a KAS 
member from 1919 to at least 1968 and was 
Director of the Kentucky Geological Survey 
from 1920 to 1932. Dr. Burroughs, Berea Col- 
lege, was a KAS member from 1923 to 1963 
(7). While Jillson read many papers having 
geographic facets, his most vital contribution 
to geographical analysis of Kentucky was to 
commission in the early 1920s a series of mono- 
graphs on Kentucky’s 6 principal geographic 
regions (8). 

Professor Burroughs’ 1924 paper on “Geo- 
graphic Influences in the Kentucky Knobs” 
summarized his longer monograph in the Jill- 
son series (9). His paper a year later on “The 
Geography of the Western Kentucky Coal 
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Field” summarized another of his regional 
monographs in the Jillson series (10). Professor 
Burroughs’ 1927 KAS Presidential Address on 
“Prehistoric forts in Kentucky” illustrated his 
fascination with the interweaving strands of 
archaeological, geological and geographical 
topics (11). His abiding interest in “archaeo- 
logical” subjects was the focus of his first KAS 
meeting paper in 1923 on “The largest fort of 
the Mound Builders in the Knobs of Kentucky” 
(12). Professor Burroughs presented almost 
yearly papers through 1938, most of them re- 
flecting geographic interests (13). He remained 
a regular member of KAS until 1963, several 
years after his retirement from Berea College 
to Chautauqua in upper New York state. 


The Early Geography Era, 1929-1953 


This era began with yet another ‘“geograph- 
ic” paper read by Professor Burroughs, “The 
Economic Geography of the Mississippean Pla- 
teau in Kentucky,” and the KAS membership 
of Dr. Lorrin G. Kennamer, at that time a 
geologist at Eastern Kentucky Teachers Col- 
lege (14). Professor Kennamer later became 
Head of the Department of Geography at East- 
ern Kentucky University, retaining that role 
until his death in 1965 (15). 

The first KAS member to be listed as a geog- 
rapher was Dr. R. J. Griffin in 1935, a member 
of the Department of Geography and Geology, 
Western Kentucky State Teachers College, in 
Bowling Green (16). Professor Mary E. Marks, 
also of this department, joined KAS in 1936 as 
the second listed geography member as well 
as the first woman geographer (17). Professor 
Marks’ 1937 paper on “The Rock Asphalt In- 
dustry of Western Kentucky” was the first to 
be read by a geographer (18). Her paper was 
read in a Geology and Geography Section, the 
earliest year in which either field was listed as 
a section. At that 1937 KAS meeting, Bruce 
Poundstone, University of Kentucky Agricul- 
tural Experiment Station, read a paper on “Ag- 
ricultural Contrasts in the Eden Shale Area of 
Kentucky,’ one of several he presented or pub- 
lished in the KAS with significant spatial or 
geographical emphases (19). 

During the latter half of this second era many 
geographic ideas were broached at annual KAS 
meetings and membership was granted to one 
of Kentucky’s influential geographers in 1944, 
Professor Joseph R. Schwendeman (20). Pro- 
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fessor B. B. McInteer, Department of Botany, 
University of Kentucky, in his 1942 paper on 
“The Barrens of Kentucky” was geographic, 
particularly through his predominantly geog- 
rapher-authored references (21). The Depart- 
ment of Geography was established at the Uni- 
versity of Kentucky in mid-1945, bringing 
together many existing and new course offer- 
ings; by mid-September Dr. Schwendeman had 
been appointed Head (22). 


The Intermediate Geography Era, 
1953-1970 


At the start of this third era, Dr. James Lee 
Guernsey, a geographer in the Division of Nat- 
ural Science at the University of Louisville, 
joined Professor Schwendeman as a geogra- 
pher who was a KAS member (23). Due to less 
frequent publication of membership lists in the 
Transactions of the Kentucky Academy of Sci- 
ence, including departmental or other associ- 
ations, other geographers may have joined KAS 
but were not identified (24). 

The Geology and Geography Section, which 
had met for 3 years in the late 1930s, reap- 
peared in 1960 as the Geology Section and, 
after 1961, as the Geology and Geography Sec- 
tion (25). Professor James Lee Guernsey, Uni- 
versity of Louisville, presented papers at KAS 
meetings during the 1950s on aspects of the 
economic geography of the coal-mining in- 
dustry, one of which appeared in the Trans- 
actions of the Kentucky Academy of Science 
(26). 

A decade later, in 1963, Professor Joseph R. 
Schwendeman, University of Kentucky, read 
a paper on “Cold Wave Patterns in Relation 
to Lexington, Kentucky, and Orlando, Flori- 
da” which was published in 1965 (27). Pro- 
fessor Thomas P. Field, University of Ken- 
tucky, was approved as a member in 1964, 
though he did not continue his membership 
(28). 

In the years after 1964, increasing numbers 
of geographers became KAS members. Wil- 
liam A. Withington, University of Kentucky, 
joined in 1965 prior to the annual meeting in 
Lexington. That year, all 5 papers in the Ge- 
ology and Geography Section of KAS, were 
geologic ones (29). Dennis Spetz, University of 
Louisville, and Withington gave papers in the 
Geology and Geography Section at the 1967 
KAS annual meeting in Louisville (30). Dennis 


184 


Spetz was Chairman of the Geology and Ge- 
ography Section at the 1968 KAS annual meet- 
ing in Bowling Green, though no papers were 
read by geographers (31). 

During the 1969 KAS annual meeting at 
Murray, of 11 Geology and Geography Section 
papers 4 were by geographers. The presenters 
were William A. Withington, University of 
Kentucky; Stanford Hendrickson, Murray State 
University; Louis Hicks, also of Murray State; 
and S. Reza Ahsan, Western Kentucky Uni- 
versity (32). At this KAS meeting, another 
geographer, Dennis Spetz, was Secretary of the 
Section, with the geologist, Preston McGrain 
of the Kentucky Geological Survey, as Chair- 
man (33). 


Later Geography, Early Geography 
Section Era, 1970-1983 


At the 1970 KAS annual meeting in George- 
town, the Academy's Board and the general 
membership at the Business Meeting approved 
the separation of the Geography Section and 
Geology Section (34). Earlier at this meeting 
the 2 groups had met informally and sepa- 
rately, both approving the separation of the 
sections. At this 56th annual meeting only 3 
papers were offered in the 2 fields; the 2 by 
geographers were by William Adams, Eastern 
Kentucky University, and Louis Hicks, Murray 
State University (35). 

The first separate meeting of the Geography 
Section occurred at the 1971 KAS annual meet- 
ing at Richmond (36). The activities and in- 
volvements of geographers in the Geography 
Section of KAS have been discussed in detail 
in the author’s 1983 KAS paper (37). Since the 
separation into 2 sections, both geography and 
geology sections have had more interest shown 
in their KAS annual section meetings in terms 
of numbers of papers offered and of numbers 
of attenders than during the earlier, combined 
section meetings (38). The first geographer to 
hold a major elective office in the Kentucky 
Academy of Science was Professor Wayne 
Hoffman, Chairman of Western Kentucky 
University’s Geography and Geology Depart- 
ment, who served as KAS Treasurer from 1971 
to 1976 (39). Another geographer, Professor 
Dennis Spetz, University of Louisville, served 
on the TKAS Editorial Board from 1974 
through March 1989 (40). 


TRANS. KENTUCKY ACADEMY OF SCIENCE 51(3-4) 


The Recent Geography Era, 1984-1989 


The most recent 6 years, including the 75th 
KAS Diamond Anniversary annual meeting in 
Lexington in 1989, have been active ones. There 
have been a large number of papers for geog- 
raphers in successive Geography Sections at 
KAS meetings. During 1984 through 1989, a 
total of 120 papers were presented in the Ge- 
ography Section (41). The 66 papers read by 
geographers at Western Kentucky University 
have dominated with more than 50% of this 
total. Geographers at Eastern Kentucky Uni- 
versity and at the University of Louisville each 
read 14 papers; those from the University of 
Kentucky, 10; those from Northern Kentucky 
University, 6; and one paper was read by a 
Murray State University geographer. More- 
head State University geographers, active in 
most earlier years in the Geography Section, 
read no papers in this most recent era, the years 
since Morehead State University deempha- 
sized the field of geography by ending its sep- 
arate departmental status (42). 

Charles M. Dupier, Jr., a geographer at 
Cumberland College, serving as Secretary of 
the Geography Section in 1973, initiated the 
near-annual publication in duplicated form of 
The Proceedings of the Geography Section of 
KAS (43). Each issue of this Proceedings of the 
Geography Section has been prepared and 
printed in 50 to 70 copies per year, providing 
a detailed portrait of annual KAS program pa- 
pers in the Geography section, with the texts 
of as many papers as are submitted. 

Associated with increased involvement of 
geographers through the Geography Section 
of KAS meetings, a broader action by the Ken- 
tucky General Assembly with approval of the 
governor created in early 1984 the position of 
State Geographer of Kentucky, with successive 
geographers to be appointed by the governor 
for one year terms (44). This appointed office 
of State Geographer increased the visibility and 
value within Kentucky of the field of geog- 
raphy. 

The first State Geographer of Kentucky was 
Dennis Spetz, University of Louisville, 1984- 
1985. By his appointment the governor fol- 
lowed the recommendation of a “Geography 
Consortium” of the chairs of departments of 
geography in Kentucky (45). Successive state 
geographers after Professor Spetz have been 
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Professors Albert Petersen, Western Kentucky 
University, 1985-1986; Neil Weber, Murray 
State University, 1986-1987; Ron Marion- 
neaux, Eastern Kentucky University, 1987- 
1988; Stanley D. Brunn, University of Ken- 
tucky, 1988-1989; and David Howarth, Uni- 
versity of Louisville, 1989-1990 (46). Starting 
with the fall 1987 KAS annual meeting, each 
of the past year’s state geographers has made 
a brief report of accomplishments during his 
term at the Geographer Section session (47). 

In the past decade, the Transactions of the 
Kentucky Academy of Science has published 
an increasing number of articles as well as some 
abstracts of annual KAS meeting papers (Ap- 
pendix A). However, many of the articles pub- 
lished in this period have been authored by 
geographers who have had little or no involve- 
ment in annual Kentucky Academy of Science 
Geography Section meetings. This point, per- 
haps, reflects on those who have been active 
in the Geography Section but have not regu- 
larly submitted papers for publication. 


The Future: 1990 and Beyond 


In reviewing the 75 years of the Kentucky 
Academy of Science, one is struck by the pau- 
city of geographer members until the late 1960s 
despite the many geographically-oriented ideas 
presented over the years in KAS meeting pa- 
pers. Many Kentucky geographers have not 
participated in the Kentucky Academy of Sci- 
ence or in its Geography Section. This point 
suggests a need to reconsider the purposes 
served by a state-level organization such as 
KAS and its Geography Section. It is possible 
that the functions and purposes of these need 
to be more clearly defined and made more 
relevant to the perceived needs of all of Ken- 
tucky’s geographers whether in education, 
government or other involvements. 
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Records of Nine Endangered, Threatened, or Rare 
Kentucky Fishes.—In the 4 years subsequent to the pub- 
lication summarizing the distributions of Kentucky fishes 
(Burr and Warren, Ky. Nat. Pres. Comm. Sci. Tech. Ser 
4, 1986), significant records of 9 rare fish species have 
come to our attention. One species, the striped mullet, 
Mugil cephalus, represents the first verified record for 
Kentucky. Voucher specimens documenting these new 
records are deposited at Southern Illinois University at 
Carbondale (SIUC) and University of Tennessee at Knox- 
ville (UT). 

Ichthyomyzon greeleyi, mountain brook lamprey.— 
SIUC 17658 (1), Russell Creek (Green R. dr.), at White 
oak Church Rd. crossing, 6 km NNE of Joppa, 4.8 km S 
Gentrys Mill, Adair Co., 13 March 1990. This lamprey is 
sporadic and rare in the upper Green and Cumberland 
rivers, where it is known from 3 and 2 records, respectively 
(Burr and Warren, op. cit., 1986). The species was last 
taken in Russell Creek in 1952 (Clay and Lachner, Trans. 
Ky. Acad. Sci. 16:53-55, 1955) and in the Green River 
drainage in 1973. The record reported here confirms the 
continued existence of this state threatened species (War- 
ren et al., Trans. Ky. Acad. Sci. 47:83-98, 1986) in the 
Green River drainage, and to emphasize its rarity, we note 
that only 13 specimens are known from the entire state. 

Acipenser fulvescens, lake sturgeon.—Photographs (at 
SIUC) are available of a 14.5 kg specimen caught in the 
Ohio River in February or March 1988 just south of Grand 
Chain, Pulaski Co., Illinois and Ballard Co., Kentucky. 
This is the first record of the species from the Ohio River 
in the last 20 years (Pearson and Pearson, Ohio J. Sci. 89: 
181-187, 1989); however, it was taken in the Mississippi 
River of Kentucky as recently as 1977 (Warren et al., 
Trans. Ky. Acad. Sci. 47:52-53, 1986). The lake sturgeon 
is endangered in Kentucky (Warren et al., op. cit., 1986). 

Alosa alabamae, Alabama shad.—UT 29.73 (1), Ten- 
nessee River, RM 21, Marshall Co., 1 July 1986. Previous 
records of the Alabama shad from Kentucky pre-date 1900, 
except for a specimen collected from the Missouri side of 
the Mississippi River deposited at Southeast Missouri State 
University. The Tennessee River specimen is an adult (355 
mm standard length); Pflieger (The Fishes of Missouri, 
Mo. Dept. Cons., Jefferson City, 1975) noted that the only 
adult collected from Missouri waters also was taken in July. 
The Alabama shad is listed as of special concern in Ken- 
tucky (Warren et al., op. cit., 1986), but in light of this 
recent adult specimen and the possibility of reproduction 
in the lower Tennessee River, the species should be ele- 
vated to state endangered status. 

Clinostomus funduloides, rosyside dace.—SIUC 14392 
(2), Little South Fork Cumberland River at Kidds Crossing 
Community, Wayne Co., 3 August 1969. This is the first 
record from the upper Cumberland River drainage of 
Kentucky. The specimens were collected by Charlie Guf- 
fey, Jr., a former student at Campbellsville College. Con- 
sidering the fish collecting efforts in the Little South Fork 


over the past 30 years, it is surprising that no other spec- 
imens of the species have been taken; a situation paralleled 
in the upper Green River drainage (Burr and Warren, op. 
cit., 1986). The species occurs in the headwaters of Rock 
Creek (UT 44.571) of the Big South Fork in Tennessee 
(Comiskey and Etnier, J. Tenn. Acad. Sci. 47:140-145, 
1972), where it may have been introduced. It is otherwise 
unknown from the remainder of the Big South Fork sys- 
tem, and the introduced or native status of the Little South 
Fork specimens is equivocal. Counts of body circumfer- 
ential, predorsal, and lateral-line scales indicate that both 
the Rock Creek and Little South Fork specimens represent 
the subspecies C. f. estor, the form present in the re- 
mainder of the Cumberland River drainage (B. M. Burr, 
unpubl.). The rosyside dace is of special concern in Ken- 
tucky (Warren et al., op. cit., 1986). 

Noturus flavus, stonecat.—SIUC 17663 (1), Mississippi 
River, RM 947.9 at stone levee, 9.4 km NW Bardwell, 6.2 
km SSW Wickliffe, Carlisle Co., 26 July 1988. This is the 
first Kentucky record of the stonecat from the Mississippi 
River, although it is known from the Mississippi River of 
Illinois (SIUC), Missouri (Pflieger, op. cit., 1975), and Ten- 
nessee (David A. Etnier, pers. comm.). Missouri River and 
Mississippi (below the mouth of the Missouri) River in- 
dividuals tend to have small eyes when compared to in- 
dividuals from the upper Mississippi River and other clear 
streams (Taylor, Bull. U.S. Natl. Mus. 282, 1969); however, 
the specimen reported here has relatively large eyes based 
on the range of measurements provided by Taylor (op. 
cit., 1969) 

Lepomis punctatus, spotted sunfish.—SIUC 17082 (1), 
Terrapin Creek, adjacent wetland, 0.8 km S Bell City, 
Graves Co., 3 December 1988. This is the first record for 
the Terrapin Creek (and Obion River) drainage of Ken- 
tucky. The species is rare in the system; the dollar sunfish, 
Lepomis marginatus, represents the most common species 
of Lepomis. The spotted sunfish is considered threatened 
in Kentucky (Warren et al., op. cit., 1986). 

Lepomis symmetricus, bantam sunfish.—SIUC 17153 
(1), Terrapin Creek, 0.8 km S Bell City, Graves Co., 7 
May 1989. This is the first record for the Terrapin Creek 
(and Obion River) drainage of Kentucky. Collections made 
in alternate months over the past 2 years in Terrapin Creek 
indicate the species is rare in the system; it is locally com- 
mon in other parts of western Kentucky (Burr and Warren, 
op. cit., 1986), and currently does not receive a state con- 
servation status. 

Etheostoma tippecanoe, Tippecanoe darter.—SIUC 
17666 (3), Barren River, RM 8, just downstream of mouth 
of Gasper River, near Rockland, Warren Co., 17 June 1988; 
SIUC 16148 (2), Green River at Lock and Dam No. 5, 
Butler-Warren Co. line, 18 June 1988; SIUC 14062 (2), 
Green River at U.S. 31W crossing in Munfordville, Hart 
Co., 17 October 1986. This species was formerly known 
from the Green River upstream of Greensburg where it 
is sporadic and uncommon (Burr and Warren, op. cit., 
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1986); it has not been reported previously from the Barren 
River. The 2 Green River records extend the range of the 
species downstream in the system to near Glenmore. The 
Tippecanoe darter is of special concern in Kentucky (War- 
ren et al., op. cit., 1986). 

Mugil cephalus, striped mullet.—SIUC 17665 (1), Mis- 
sissippi River, at Angelo Towhead, ca. 1.6 km W of bridge 
at Cairo, Alexander Co., Illinois, 7 September 1989. This 
principally marine species has not been reported previ- 
ously from Kentucky waters and was known only as far 
north in the Mississippi River as southern Arkansas (Ro- 
bison and Buchanan, Fishes of Arkansas, University of 
Arkansas Press, Fayetteville, 1988). In addition to this rec- 
ord, the striped mullet also has been captured at the fol- 
lowing localities in or near Kentucky waters: Mississippi 
River, RM 889, New Madrid Co., Missouri, 16 August 1983 
(identified by William L. Pflieger); Ohio River, RM 946, 
near Paducah, McCracken Co., 7-8 September 1989 (spec- 
imen to be deposited at University of Louisville; collected 
by a St. Louis-based consulting firm); and Mississippi River, 
RM 145.8, Osborn Island Side Channel, Monroe Co., Il- 
linois, 20 September 1989 (specimen at the Illinois Natural 
History Survey). All individuals captured in 1989 weighed 
0.5-0.9 kg. We speculate that the low water levels in the 
Mississippi River in 1989 created water-quality conditions 
(e.g., high dissolved solids) favorable for striped mullet 
and allowed them to reach the upper Mississippi River 
basin. We know of an additional oral report of a striped 
mullet caught by angling from Kentucky Lake in the 1970s, 
but the specimen was apparently discarded. 

Recent sampling in Kentucky’s major rivers (ie., Ohio 
and Mississippi rivers) has revealed important new records 
for the lake sturgeon; striped mullet; rainbow smelt, Os- 
merus mordax (Ohio River, RM 560 (Mayden et al. Copeia 
1987:1051-1055)); and larval specimens of the exotic grass 
carp, Ctenopharyngodon idella (Jennings, Natl. Fish. Res. 
Center, Exotic Species Update, 1989), indicating recent 
reproduction. With discovery of the spotted and bantam 
sunfishes in Terrapin Creek, a total of 37 native fish species 
are now known from this relatively small, but faunally 
distinct system. These new records emphasize the dynamic 
nature of the Kentucky fish fauna, and we urge continued 
collection of fishes in major rivers. and poorly-worked 
drainages, and the re-surveying of ichthyologically well- 
known stream systems. 

We appreciate the assistance and information provided 
us by Butch Atwood, Illinois Department of Conservation, 
David A. Etnier, U.T.; Sam McCord, Hunter Environ- 
mental Services, St. Louis; William L. Pflieger, Missouri 
Department of Conservation; Thomas J. Timmons, Murray 
State University; and Willenda Smith and Walter W. Dim- 
mick, SIUC.—Brooks M. Burr and Melvin L. Warren, 
Jr., Department of Zoology, Southern Illinois University, 
Carbondale, Illinois 62901-6501; Gordon K. Weddle, De- 
partment of Biology, Campbellsville College, Campbells- 
ville, Kentucky 42718; and Ronald R. Cicerello, Kentucky 
State Nature Preserves Commission, Frankfort, Kentucky 
40601. 
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Myxidium serotinum (Myxosporida, Myxidiidae) in 
Kentucky Two-Lined Salamanders (Eurycea bislinea- 
ta).—Myxidium serotinum has previously been reported 
as a gallbladder parasite in various Salientia from several 
areas ranging from the northern to the southern United 
States (Kudo, J. Morph. 72:263-274, 1943) and (Kudo and 
Sprague, Rev. Med. Trop. Parasit. 6:65-73, 1940). In these 
investigations, Rana pipiens showed the highest rate of 
infection (17/150 = 11%) from the north and midwest, 
while Bufo terrestris had the highest rate of infection (25/ 
41 = 61%) among the south-eastern acaudates. Clark and 
Shoemaker (J. Protozool. 20:365-366, 1973) reported a 
higher rate of parasitization in the gallbladders of Eurycea 
bislineata (51/58 = 87.9%), and found no infections in 
specimens of the order Salientia or other Caudata. It was 
therefore concluded that E. bislineata is the preferred host 
for M. serotinum, and that R. pipiens and B. terrestris 
are incidental hosts. 

Reference specimens, including trophozoites without 
spores, trophozoites with spores, and spores with extruded 
filaments, were deposited in the United States National 
Museum, Collection Nos 72432, 72433, and 72434, re- 
spectively (Clark and Shoemaker, loc. cit.). 

A total of 10 E. bislineata were collected in March and 
September from Slate Lick Creek (a tributary of Tygert’s 
Creek) in rural Carter County, Kentucky, approximately 
16 km NE of Olive Hill, Kentucky. Eight Salientia: 1 Rana 
pipiens and 7 Bufo americanus, and 7 Caudata; 3 Des- 
mognathus fuscus, and 4 Ambystoma opacum also were 
collected. 

The specimens were taken to the laboratory and ex- 
amined. The gallbladders were removed intact and tro- 
phozoites were measured in situ. All measurements were 
made with an ocular micrometer, and recorded in mi- 
crometers. 

Myxidium serotinum was found in 10 of 10 (100%) 
specimens of E. bislineata. Specimens representing the 
order Salientia, and other Caudata were not infected with 
M. serotinum. 

The measurements agreed with those reported by Clark 
and Shoemaker (Clark and Shoemaker, loc. cit.): Diagnosis 
(from E. bislineata; all measurements in micrometers)— 
Trophozoites pale buff and translucent, all greatly flat- 
tened; specimens longer than wide, 109 trophozoites av- 
eraging 819 (250-3,000) x 432 (120-1,200), 43 (43-50) 
thick, with many pansporoblasts, each with 2 bivalve spores. 
Spores (measurements of 42): ellipsoid, bivalve, 15.6 (13- 
18) x 9.8 (9-11), with 10-13 transverse ridges encircling 
each valve, with 1-2 longitudinal ridges on each side and 
parallel to sutural line, with single pyriform polar capsule 
at each end; polar capsules 5 x 6, opening to outside 
through foramen on line of oblique suture, each containing 
distinct polar filament coiled 5-6 times; fully extruded 
polar filaments 66.9 (55-77) long, 1 wide at proximal end, 
tapering gradually to a point. 

This is the first report of M. serotinum from Kentucky. 
The results confirm the findings of Clark and Shoemaker 
(loc. cit.), who proposed that E. bislineata is the preferred 
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host, and that members of the order Salientia are secondary 
or incidental hosts. Myxidium serotinum is specific for the 
gallbladder regardless of what host it may be parasitizing. 
A similar conclusion was arrived at by Johnson (J. Proto- 
zool. 16:700-702, 1969) in his redescription of M. chelona- 
rum. 

Clark and Shoemaker (loc. cit.) examined original spec- 
imens deposited in the United States National Museum by 
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Kudo and Sprague (loc. cit.) and were convinced that the 
specimens they found in E. bislineata definitely are M. 
serotinum and not a new species. We also believe that the 
present specimens agree with the original descriptions of 
M. serotinum (Kudo and Sprague, loc. cit.), and the de- 
scriptions of Clark and Shoemaker (loc. cit.).—C. R. 
Burchett, Jr. and J. P. Shoemaker, Dept. Biol. Sci., Ash- 
land Com. Col., Ashland, Kentucky 41101. 
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NEWS AND COMMENTS 


The 76th meeting of the Kentucky Academy of Science will be held on 9-10 November 
1990 at Northern Kentucky University. 
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KENTUCKY ACADEMY OF SCIENCE FOUNDATION 
Marcia Athey Fund 


The Kentucky Academy of Science Foundation makes 
available through the Marcia Athey Fund monies for re- 
search in science. Applications should include: 


1. Cover Sheet (Page 1) 

2. Project Summary (Page 2) 

3. Project Description. This should include a review of 
pertinent literature, rationale for doing the research, 
hypothesis if appropriate, research methods including 
experimental techniques and statistical analyses. 
Facilities and Equipment 

. Literature Cited 

. Detailed Budget 

Budget Justification 

. Collaborative Arrangements 

Curriculum Vitae. 


OOAD KH 


The proposals should be limited to maximum of 20 double- 
spaced pages (vitae not included). Five copies should be 
submitted to the chairperson of the Committee on Distri- 
bution of Research Funds. 

Preference will be given to KAS members and their 
students, from institutions that guarantee matching funds. 

The application deadline for 1990 will be January 15. 
Applicants will be notified of approval or disapproval on 
or before March 1 of 1990. 

A cover sheet as well as terms and conditions of the 
research supported by the Marcia Athey Fund can be 
obtained from: 


Dr. James O. Luken 

Chairperson, Committee on Distribution of Research Funds 
Dept. of Biological Sciences 

Northern Kentucky University 

Highland Heights, KY 41076 


Terms and Conditions of the 
Kentucky Academy of Science 
Marcia Athey Fund 


1. The research is to be conducted within the general 
boundaries of the Commonwealth recognizing that some 
field type investigations may transcend political bound- 
aries. 

2. Financial support from this fund is to be used for basic 
scientific research. Matching funds from the home in- 
stitution are encouraged and this is to be taken into 
consideration by committee members making funding 
decisions. No portion of this fund is to be used for 
administrative overhead or other such costs not directly 
associated with the conduct of research. Financial sup- 
port may be approved for a period of two years. Ap- 
plication for a renewal of support may be considered 
for a maximum period of four years. 


3. Expenditures of the following nature are to be consid- 
ered as acceptable: 

a. Nominal annual stipend for work by secondary school 
student, undergraduate or graduate student with the 
stipend at any particular institution not to exceed 
the normal limits established by the institution with 
which the principal investigator(s) are associated. 
Other limits may be imposed by the Board of Trust- 
ees based on the individual merits of the grant ap- 
plication. 

b. Reimbursement for actual costs or travel, meals and 
lodging for overnight field research or travel re- 
quired away from the laboratory that are within 
reason and directly related to the research. Travel 
expenses and subsistence costs per diem associated 
with the research are to be set at the normal limits 
established by the home institution. If the home in- 
stitution has no such limits, the committee members 
reviewing proposals are to set such limits. 

c. Acquisitions of equipment required for the specific 
research, particularly when the fund application is 
a matching grant. Individuals requesting funds for 
equipment are to justify this request in the proposal. 

d. Laboratory supplies, chemicals, expendables, or oth- 
er necessary items (subject to approval of the com- 
mittee) of a nature not normally provided in the 
general operating use of the institution. Individuals 
requesting funds for such supplies are to justify this 
request in the proposal. 

e. Support toward page charges for publication of re- 
search results generated from support of this fund 
when such research is published in a refereed jour- 
nal. 

4. Individuals engaged in research supported by the Ken- 
tucky Academy of Science Foundation may make sig- 
nificant discoveries which have commercial applica- 
tion. Income to a recipient(s) resulting from patents or 
copyrights that developed due to funding support from 
the Foundation will be shared with the KAS Foundation 
under the following guidelines: 

a. Monetary or property gain to an individual or in- 
dividuals due to research solely financed and sup- 
ported by the Foundation will be shared on an equal 
basis with the Foundation receiving no more or less 
than 50% of the tangible assets received. 

b. In the event of shared or matching funds where other 
recognized granting agencies, institutions, or the in- 
dividual(s) have documented financial support of the 
research the division of monetary or property gain 
to the Foundation shall be based on a scale equiv- 
alent to the percentage of support by the Foundation 
for the research. In no case shall the Foundation’s 
share exceed 50% of the monetary or property gain. 
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c. The amount of the Foundation’s share will be de- 
termined by the Trustees whose decision shall be 
final. 

d. Acceptance of financial support from the Founda- 
tion by an individual(s) represents a binding contract 
between the individual(s) and the Foundation in 
regard to the above guidelines. 

. The recipient is expected to maintain a list of all ex- 

penses incurred on the project. The researcher should 

provide a statement to the KAS Treasurer when the 
project is completed outlining how the funds were ac- 
tually spent. 

. The recipient will be expected to present the results of 

the funded project at the Annual Meeting of the Ken- 

tucky Academy of Science, in an appropriate section, 
or at other scientific meetings. 

. If the results of the research are published, some ac- 

knowledgment of the financial support given by the 

Foundation is expected. 

. Proposals are to be submitted to the Chairperson of the 

Committee on Distribution of Research Funds by Jan- 

uary 15 of each year. Funding decisions will be made 

by March 1 of each year and then submitted for ap- 
proval to the Governing Board. Five copies of the pro- 
posal are to be submitted. Proposals should be limited 
to 20 double-spaced typed pages (vitae not included). 

Proposals are to include the following items in this 

order: 

a. A cover sheet obtained from the Chairperson of 
the Committee on Distribution of Research Funds. 
(Page 1) 

b. Project Summary. A short description of the project 


including hypotheses, goals, and expected results that 
is less than one page in length. (Page 2) 

c. Project Description. This should include a review of 
pertinent literature, rationale for doing research, hy- 
potheses if appropriate, and research methods in- 
cluding techniques for data collection and statistical 
analyses. 

d. Facilities and Equipment. This should include all 
support facilities now available at the home insti- 
tution that will be used in the research. 

e. Literature Cited. These should be listed alphabeti- 
cally. 

f. Detailed Budget. The budget should be broken into 
line items such as stipends, travel, subsistence, and 
supplies. Payments as well as totals should be clearly 
presented and tabulated. 

g. Justification. A short paragraph should be provided 
to explain or justify each line item. 

h. Collaborative Arrangements. 

i, Curriculum Vitae. This should include a listing of 
positions held, summary of all previously published 
papers, and a history of research grants received. 


. When the Committee on Distribution of Research Funds 


receives proposals, all members of the committee will 
review all proposals. If no one presently on the com- 
mittee is qualified to review a proposal then individuals 
not on the committee but deemed qualified may review 
proposals. The chairperson in conference with the re- 
viewers will then make decisions regarding funding. 
The committee may modify proposal budgets and pro- 
vide funds at any level that is deemed appropriate. 
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Foundation for Botanical Research 


The Kentucky Academy of Science Foundation makes 
available through the Foundation for Botanical Research 
monies for research. Students of accredited institutions of 
higher learning or of secondary schools within the com- 
monwealth of Kentucky may apply. Because the funds 
originally contributed for this program were intended to 
support floristic surveys of Kentucky counties, projects of 
this type will be given priority status. Projects dealing with 
other areas of botany can be funded but they will not be 
given priority above floristic surveys. Guidelines for flo- 
ristic survey research are published in Transactions of the 
Kentucky Academy of Science, Vol. 35, Nos. 3-4, Decem- 
ber 1974. 

Applications should include: 


Title Page (Page 1) 
. Project Summary (Page 2) 
. Project Description 
. Facilities and Equipment 
. Literature Cited 
. Detailed Budget 
. Budget Justification 
. Collaborative Arrangements 
. Curriculum Vitae. This should include a listing of 
positions held, education including present status and 
courses completed. 
Letter of Recommendation. This should be submitted 
by a supervisor, major professor or advisor. 
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The proposals should be limited to maximum of 20 double- 
spaced pages (vitae not included). Five copies should be 
submitted to the chairperson of the Committee on Distri- 
bution of Research Funds, 

Preference will be given to students who are KAS mem- 
bers. 

The application deadline for 1990 will be January 15. 
Applicants will be notified of approval or disapproval on 
or before March 1 of 1990. 

Terms and conditions of the research supported by the 
Foundation for Botanical Research can be obtained from: 


Dr. James O. Luken 

Chairperson, Committee on Distribution of Research Funds 
Dept. of Biological Sciences 

Northern Kentucky University 

Highland Heights, KY 41076 


Terms and Conditions of the 
Kentucky Academy of Science 
Foundation for Botanical Research 


1. Funds are to be made available to students (secondary, 
undergraduate, or graduate) of accredited institutions 
of higher learning or of secondary schools within the 
Commonwealth of Kentucky. Botanical research is to 
be supported and this may include any area of botany 
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such as ecology, physiology, systematics, or evolution. 
Research supported by the Foundation for Botanical 
Research is to make both a positive contribution to 
the education of the researcher as well as a significant 
contribution to the botanical body of knowledge. 


. Research proposals requesting funds for floristic sur- 


veys will be given priority status. The recipient of the 
grant would be expected to utilize the funds in support 
of research to survey and document the flora of any 
county in the state that has not had a published county 
flora within the last 50 years. Guidelines for these 
surveys are as follows: 

a. The floristic survey of the county chosen must be 
under the supervision of a qualified biologist of one 
of the colleges or universities in Kentucky. The 
supervisor of such work would not necessarily have 
to be from the same college or university as the 
student chosen for the grant. 

. As a general rule it would be expected that a min- 
imum of 500 different vascular plant species would 
be collected. Prepared specimens of each species 
would be made in minimums of three with an 
average of five, recognizing on occasion only one 
or two specimens might be available. For each 
species collected over 500, an additional $1.00 will 
be made available at the end of the grant period 
by the donor. 


c. To ensure documentation of the flora for future 


reference, and in order to build and stimulate bo- 
tanical interest regionally, the deposition of cor- 
rectly prepared specimens is to be made at a na- 
tional herbarium with an identical group deposited 
in a working herbarium of the Regional Colleges 
and Universities of Kentucky. The selection of both 
a national herbarium and regional site of deposition 
is to be made by the qualified members of the 
Committee for Distribution of Research Funds. 

. Upon completion of the work (a period not to ex- 
ceed 24 months from date of grant receipt) a writ- 
ten summary of the project including a complete 
listing of the county’s flora in a conventional format 
will be submitted to the Committee for Distribution 
of Research Funds. Requests for additional money 
(each species over 500) must be made within 24 
months of grant receipt. 

. The choice of the student to receive this grant will 
be at the discretion of the Committee for Distri- 
bution of Research Funds. 


. The research is to be conducted within the general 


boundaries of the Commonwealth recognizing that 
some field type investigations may transcend political 
boundaries. 


. Financial support from this fund is to be used for basic 


scientific research. Matching funds from the home 
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institution are encouraged and this is to be taken into 

consideration by committee members making funding 

decisions. No portion of this fund is to be used for 

administrative overhead or other such costs not di- 

rectly associated with the conduct of research. Projects 

are to be completed in a period of two years. 
. Expenditures of the following nature are to be con- 
sidered as acceptable: 

a. Reimbursement for actual costs or travel, meals and 
lodging for overnight field research or travel re- 
quired away from the laboratory that are within 
reason and directly related to the research. Travel 
expenses and subsistence costs per diem associated 
with the research are to be set at the normal limits 
established by the home institution. If the home 
institution has no such limits, the committee mem- 
bers reviewing proposals are to set such limits. 

b. Acquisitions of equipment required for the specific 
research, particularly when the fund application is 
a matching grant. Individuals requesting funds for 
equipment are to justify this request in the proposal. 

c. Laboratory supplies, chemicals, expendables, or 
other necessary items (subject to. approval of the 
committee) of a nature not normally provided in 
the general operating use of the institution. Indi- 
viduals requesting funds for such supplies are to 
justify this request in the proposal. 

d. Support toward page charges for publication of 
research results generated from support of this fund 
when such research is published in a refereed jour- 
nal. 

. The recipient is expected to maintain a list of all ex- 
penses incurred on the project. The researcher should 
provide a statement to the KAS Treasurer when the 
project is completed outlining how the funds were 
actually spent. 

. The recipient will be expected to present the results 
of the funded project at the Annual Meeting of the 
Kentucky Academy of Science, in an appropriate sec- 
tion, or at other scientific meetings. 

. If the results of the research are published, some ac- 
knowledgment of the financial support given by the 
Foundation is expected. 

. Proposals are to be submitted to the Chairperson of 
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the Committee on Distribution of Research Funds by 
January 15 of each year. Funding decisions will be 
made by March 1 of each year and then submitted 
for approval to the Governing Board. Five copies of 
the proposal are to be submitted. Proposals should be 
limited to 20 double-spaced type pages (vitae not in- 
cluded). Proposals are to include the following items 
in this order: 

a. A Title Page. (Page 1) 

b. Project Summary. A short description of the project 
including hypotheses, goals, and expected results 
that is less than one page in length. (Page 2) 

c. Project Description. This should include a review 
of pertinent literature, rationale for doing research, 
hypotheses if appropriate, and research methods 
including techniques for data collection and statis- 
tical analyses. 

d. Facilities and Equipment. This should include all 
support facilities now available at the home insti- 
tution that will be used in the research. 

e. Literature Cited. These should be listed alphabet- 
ically. 

f. Detailed Budget. The budget should be broken into 
line items such as stipends, travel, subsistence, and 
supplies. Payments as well as totals should be clearly 
presented and tabulated. 

g. Justification. A short paragraph should be provided 
to explain or justify each line item. 

h. Collaborative Arrangements. 

i. Curriculum Vitae. This should include a listing of 
positions held, summary of all previously published 
papers, and a history of research grants received. 

j. A letter of recommendation submitted by a super- 
visor, major professor, or advisor. 

When the Committee on Distribution of Research 
Funds receives proposals, all members of the com- 
mittee will review all proposals. If no one presently 
on the committee is qualified to review a proposal 
then individuals not on the committee but deemed 
qualified may review proposals. The chairperson in 
conference with the reviewers will then make deci- 
sions regarding funding. The committee may modify 
proposal budgets and provide funds at any level that 
is deemed appropriate. 
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Chelone glabra, 47 

Chemistry Section program, 87-90 

Chenopodium album, 47 

Chestnut, 44 

Chestnut oak, 44 

Cheumatopsyche campyla, 130, 132 

C. harwoodi harwoodi, 130, 132 

C. oxa, 130, 132, 133 

C. pettiti, 130, 132 

Chickadees, mountain, 152 

Chickadee, blackcapped, 152 

Chimaphila maculata, 48 

Chimarra obscura, 130, 132, 133 

Chlorophyllum molybdites, 170 

Cicada killer wasps, 1-5 

Cicadellidae, 32-35 

CICERELLO, RONALD R., 189 

Cimicifuga racemosa, 46, 48 

Cinna arundinacea, 48 

Citrobacter alamonaticus, 179, 180 

C. freundii, 179, 180 

Cladrastis kentukea, 43 

Clavaria vermicularis, 173 

Clavariaceae, 173 

Clematis virginiana, 48 

Climacium americanum, 64 

Clinostomus funduloides, 188 

Clitocybe flaccida, 168 

. dealbata, 168 

. dealbata sudorifica, 168 

. ectypoides, 168 

. nuda, 168 

. odora, 168 

. robusta, 168 

Clostridium perfringens, 178-181 

Clover, running buffalo, 46 

Cockroach, 26-31 

Cockroach, daily changes in om- 

matidia morphology, 26-31 

ommatidia morphology in, 26-31 

Coleoptera, 20-24 

Collinsonia canadensis, 48 

Collybia acervata,169 

C. dryophila, 169 


aaaaaaaNA 


OGD O'O:Q:@ 


197 


C. maculata, 169 

COLTHARP, GEORGE B., 18 

Committee Reports, 81-83 

Common carp, 135 

Compositae, 66 

Computer Science Section program, 
97, 98 

Conocybe lactea, 171 

Conopholis americana, 48, 64 

Convolvulus sepium, 48 

Coprinaceae, 170 

Coprinus miser, 170 

CORDRAY, ROBERT, 115 

Coreopsis major, 48 

CORIO, P. L., 154 

Cornus florida, 40, 41, 44, 45, 48 

C. spp., 145 

Corticiaceae, 174 

Cortinariaceae, 171 

Cortinarius gentilis, 171 

C. subpurpurascens, 171 

Corylus americana, 48 

Cottus carolinae, 9 

Crataegus sp., 48 

CRAWFORD, NICHOLAS C., 177 

Crepidotaceae, 172 

Ctenopharyngodon idella, 8, 189 

Cucumber magnolia, 17 

Cunila origanoides, 48 

Custard-apple Family, 14 

Cyanocitta stelleri, 152 

Cycleptus elongatus, 12 

Cymellus fraternus, 130 

Cynoglossum virginianum, 48 

Cyprinus carpio, 8, 135 

Cyrnellus fraternus, 132 

Cytopteris protrusa, 48 

Cytopteris (fragilis var. protrusa), 
48 


Dace, rosyside, 188 

Daedalea quercina, 174 

Danthonia spicata, 45, 48 

Darter, Tippecanoe, 188 

Dasystoma macrophylla, 48 

Dentaria diphylla, 48 

D. heterophylla, 48 

D. laciniata, 65 

Desmodium cuspidatum var. lon- 
gifolium, 48 

. glabellum, 48 

. glutinosum, 48 

. laevigatum, 48 

. nudiflorum, 48 

. paniculatum, 48 

. perplexum, 48 

. rotundifolium, 48 

Desmognathus fuscus, 189 

Diarrhena americana var. a., 48 

Dibusa angata, 130, 132 

Dicranella sp., 64 

Dicranum sp., 64 

Digitaria sanguinalis, 48 

Dioscorea quaternata, 48, 54 

Diospyros virginiana, 48 
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Diptera, 20-24 
Disporum lanuginosum, 48 
Distillers grains, evaluation of, 135- 
138 
In prepared channel catfish diets, 
135-138 
with solubles, 135-138 
Distinguished scientist awards, 116, 
117 
Dogwood, 145 
Dorosoma cepedianum, 8 
D. peatenense, 12 
Dryopteris goldiana, 48 
D. marginalis, 48 
DURBIN, DOUGLAS J., 6 


Eastern redcedar, 145 

Ectopria sp., 21 

Elephantopus carolinianus, 48 

ELLIOTT, LARRY P., 177 

Elymus riparius, 48 

Endangered fishes of Kentucky, 188, 
189 

Engineering Section program, 99 

Enterobacter aerogenes, 179 

E. cloacae, 179, 180 

E. sakazakii, 179, 180 

Enterococcus durans, 180 

E. faecalis, 180 

E. faecium, 180 

Entodon seductrix, 64 

Entoloma cokeri, 171 

E. grayanum, 171 

E. salmoneum, 171 

E. serrulatum, 171 

E. sp., 171 

E. vernum, 171 

Entolomataceae, 171 

Ephemeroptera, 20-24 

Epifagus virginiana, 48 

Epigaea repens, 48 

Erechtites hieracifolia, 48 

Ericymba buccata, 8 

Erigeron annuus, 48 

E. canadensis, 48 

E, philadelphicus, 48 

E. pulchellus, 48 

Erimyzon oblongus, 8, 10, 12 

Erythronium americanum, 48 

E. rostratum, 43 

Escherichia coli, 177, 179, 180 

ESMAEELZADEH, HAMID, 115 

Esox americanus vermiculatus, 8 

Etheostoma baileyi, 162 

. barrenense, 162 

. blennioides, 9 

. caeruleum, 9, 11 

. coosae, 162 

. duryi, 162 

. flabellare, 9, 11, 160 

flavum, 162 

. nigrum, 9, 160 

. olmstedi, 162 

. pyrrhogaster, 162 

. rafinesquei, 159, 160, 162-164 
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spawning orientation preferences 
of, 59-165 
. simoterum, 162 
. spectabile, 9, 11 
. tippecanoe, 188 
. zonale, 9, 162 
. zonistium, 162 
Eulalia viminea, 48 
Euonymus americanus, 45, 48 
E. atropurpureus, 48 
Eupatorium coelestinum, 48 
E. fistulosum, 48 
E. purpureum, 48 
E. rugosum, 48, 64 
E. serotinum, 48 
Euphorbia nutans, 48 
E. preslii, 48 
Eurites, first report of in continental 
United States, 115 
from Madison County, Kentucky, 
115 
Eurycea bislineata, 189, 190 


mm 


Fagus, 44, 45 
F. grandifolia, 39-41, 48, 57-60 
F. grandifolia, morphological and 
flavonoid analyses of, 57-60 
variation in, 57-60 
F. grandifolia var. caroliniana, 57 
F. grandifolia var. grandifolia, 57 
FERRELL, BLAINE R., 26 
Festuca arundinacea, 45, 48 
F. obtusa, 48 
Fishes, endangered, threatened or 
rare, 188, 189 
of Bullitt County, 6-13 
records of Kentucky, 188, 189 
Fissidens sp., 64 
FLOYD, MICHAEL A., 127 
Foraminfera, plant spores attached 
to, 115 
Forest fertilization, 18-25 
in eastern Kentucky, 18-25 
of a headwater stream, 18-25 
on the predominant benthic com- 
munity, 18-25 
posttreatment effects of, 18-25 
Forest regeneration, 36-42 
following harvest, 36-42 
implications for succession, 36-42 
in the central hardwood forests of 
Kentucky, 36-42 
Forum, 74-79 
Foundation for Botanical Research, 
194 
FRANKE, CHARLES H., 139 
Fraser’s magnolia, 16 
Fraxinus americana, 40, 41, 45, 61, 
64 
F. americana var. a. + var biltmore- 
ana, 48 
F. quadrangulata, 61, 64 
FREYTAG, PAUL H., 32 
Frogs, Microchips, K’s., and the 
Memory of, 74-79 


Fundulus catenatus, 12 
F. notatus, 8, 11 
Fungi, Kentucky, distribution and 
records for, 166-176 
with notes on Myxomycetes, 166— 
176 


Galerina autumnalis, 171 

G. cerina, 171 

G. tibicystis, 171 

Galium aparine, 48 

G. circaezans, 48, 64 

G. lanceolatum, 48 

G. pilosum, 48 

G. triflorum, 48 

Galleria mellonella, 115 

Galtheria procumbens, 48 

Gambusia affinis, 8, 11 

Ganoderma applanatum, 174 

G. lucidum, 174 

GARST, DAVID G., 115 

Gaylussacia baccata, 48 

Gentiana villosa, 48 

Geographers, in the Kentucky Acad- 
emy of Science since 1914, 114, 
115 

Geographic ideas, in the Kentucky 
Academy of Science since 1914, 
114, 115 

of geographers in Kentucky Acad- 

emy of Science, 182-187 

Geography Section program, 90, 91 

Geology Section program, 91, 92 

Geopyxis catinus, 166 

Geranium maculatum, 48 

G. canadense, 64 

Gleditsia triacanthos, 145 

Glossosoma nigrior, 130, 132 

Glossosomatidae, 128, 130 

Gnaphalium obtusifolium, 48 

Goera calcarata, 131, 133 

Goeridae, 131 

Gomphus floccosus, 173 

Goodyera pubescens, 48 

Governing Board and Committees, 
107-114 

Gray beech, 57 

Great tits, 152 

GREEN, WAYNE D., 177 


Hackberry, 145 

HADIZADEH, JAFAR, 115 
Hamamelis virginiana, 39, 40, 48 
HARTMAN, DAVID R., 115 
HASTINGS, JON, 1 

Health Sciences Section program, 99 
Hebeloma crustuliniforme, 171 
Hedeoma pulegioides, 48 

HELD, MICHAEL E., 57 
Helianthus divaricatus, 48 

H. microcephalus, 48 

H. tuberosus, 48 

Helichus basalis, 21 

Helicopsyche borealis, 131, 133 
Helicopsychidae, 131 


Hepatica acutiloba, 48 

Heterocladium macounii, 64 

HETTINGER, WILLIAM P., JR., 
LIT 

Heuchera americana, 48 

H. longiflora, 48 

H. villosa var. v., 48 

Heucherea americana, 64 

Hexastylis arifolia, 45 

H. arifolia var. ruthii, 48 

Hickories, 38 

Hickory, shagbark, 145 

Hieracium gronovii, 48 

H. venosum, 48 

Hiodon alosoides, 8, 12 

H. tergisus, 12 

Histoplasma capsulatum, 51 

Histoplasmosis, in Kentucky, 51-56 

status of potential point sources, 

51-56 

Homoptera, 32-35 

Hospitals, 121-126 

trends in rural and urban, 121- 

126 

Houstonia tenuifolia, 48 

HOWARTH, DAVID A., 69 

Hybanthus concolor, 48 

Hybopsis aestivalis, 12 

H. amblops, 12 

H. dissimilis, 12 

H. storeriana, 8, 12 

Hydenellus peckii, 174 

Hydnaceae, 173 

Hydrangea arborescens, 48 

Hydrastis canadensis, 43 

Hydrophyllum macrophyllum, 48 

H. virginianum, 43 

Hydropsyche betteni, 130, 132 

H. dicantha, 130-133 

H. frisoni, 130, 132 

Hydropsychidae, 128, 130, 133 

Hydroptila armata, 130, 132 

H. consimilis, 130, 132 

H. gunda, 127-130, 132 

H. hamata, 130, 132 

H. sp., 130, 132 

H. waubesiana, 130, 132 

Hydroptilidae, 128, 130 

Hygrocybe caespitosa, 167 

H. spadicea, 167 

Hygrophoraceae, 167 

Hygrophorus, 167 

H. eburneus, 167 

H. flavescens, 167 

H. russula, 167 

Hymenoptera, 1-5 

Hypentelium nigricans, 8, 11 

Hypericum punctatum, 48 

Hypocrea gelatinosa, 166 

Hypocreaceae, 166 

Hyposix hirsuta, 48 

Hystrix patula, 64 


Ichthyomyzon greeleyi, 188 
Ictalurus melas, 8 
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I. natalis, 8, 10, 11 

I. punctatus, 8, 135 

Ictiobus bubalus, 8 

I. cyprinellus, 8 

I. niger, 8, 12 

Idiocerinae, 32-35 

Idiocerinae, five new species of, 32- 
35 

two new genera of, 32-35 

Impatiens capensis, 48 

I. (biflora), 48 

I. pallida, 48 

Industrial Science Section program, 
100, 101 

Inonotus hispidus, 174 

I. dryadeus, 174 

Ipomaea pandurata, 48 

I. purpurea, 48 

Tris cristata, 48 


Jay, Stellar’s, 152 
JOHNSON, GEORGE P., 14 
JONES-HELD, SUSAN, 47 
Juglans cinerea, 48 

J. nigra, 48 

Juncus acuminatus, 48 

J. tenuis, 48 

Juniperus virginia, 145 

J. virginiana, 48, 61, 64 

J. americana, 48 


Kalmia latifolia, 45, 48 

Karst aquifer systems, nonpoint 
source pollution, 177-181 

Kentucky Academy of Science 
Foundation, 192-195 

Kentucky EPSCoR program, 102- 
106 

Kentucky fungi, distribution and 
records for, 166-176 

with notes on Myxomycetes, 166- 

176 

Kentucky Junior Academy of Sci- 
ence, 82 

Kentucky snubnose darter, 159 

spawning orientation preferences 

of, 159-165 

Kentucky two-lined salamander, 
Myxidium serotinum in, 189, 
190 

Klebsiella oxytoca, 179, 180 

K. pneumoniae, 179, 180 

Kluivera spp., 179 

Krigia biflora, 48 


Labidesthes sicculus, 8 
Lactarius corrugis, 167 
L. peckii, 167 

L. piperatus, 167 

L. speciosus, 167 

L. volemus, 167 
Lactuca canadensis, 48 
L. floridana, 48 

L. serriola, 48 

L. “scariola,” 48 
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Laetiporus sulophureus, 174 

Lake sturgeon, 188 

Lampetra aepyptera, 8, 10 

Lamprey, mountain brook, 188 

Laportea canadensis, 48 

Lathyrus venosus, 43 

Leccinum aurantiacum, 173 

Leersia virginica, 48 

Lejeunea cavifolia, 64 

Lentinellus cochleatus, 168 

Lentinus lepideus, 167 

Lenzites betulina, 174 

Lepidostoma pictile, 127, 128, 131, 
133 

L. togatum, 131, 133 

Lepidostomatidae, 131 

Lepiota naucinoides, 170 

Lepiotaceae, 170 

Lepisosteus osseus, 8 

Lepomis cyanellus, 8, 11 

. gulosus, 8 

. humilis, 8 

. macrochirus, 9, 11 

. microlophus, 9 

. megalotis, 9, 11 

. punctatus, 188 

. symmetricus, 188 

Leptoceridae, 128, 131, 133 

Lespedeza cuneata, 48 

L. hirta spp. h., 48 

L. intermedia, 48 

L. procumbens, 48 

L. repens, 48 
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. striata, 48 
. violacea, 48 
eucophaea maderae, 26-31 
daily changes in ommatidia mor- 
phology, 26-31 
ommatidia morphology in, 26-31 
Lichens, 64 
Limnephilidae, 131 
Limulus, 26 
Lindera, 45 
L. benzoin var. b. + var. pubescens, 
48 
Liparis lilifolia, 48 
Liquefaction-susceptibility map, for 
the Louisville metropolitan area, 
115 
Liquidambar, 45 
L. styraciflua, 48, 145 
Liriodendron, 43 
L. tulipifera, 14-16, 39-41, 45, 48 
Liverworts, 64 
Lobelia inflata, 48 
L. nuttallii, 48 
L. puberula var. simulans, 48 
L. siphilitica, 48 
Locust, black, 145 
Lonicera japonica, 48, 64 
L. mackii, 64 
Louisville metropolitan area, liqui- 
faction-susceptibility map for, 
115 
Ludwigia alternifolia, 48 


200 TRANS. KENTUCKY ACADEMY OF SCIENCE 51(3-4) 


Luzula acuminata var. carolinae, 48 
Lycoperdaceae, 172 

Lycoperdcon pyriforme, 172 

L. echinatum, 172 

L. perlatum, 172 

Lycopodium digitatum, 48 

L. “flabelliforme,” 48 

Lype diversa, 130, 132 

Lysimachia quadrifolia, 48 

L. tonsa, 45, 48 


Macrostemum zebratum, 130, 132 

Magnolia, 14, 16 

M. acuminata, 14-17, 40, 41, 45, 48 

Magnolia Family, 15 

M. fraseri, 14, 16 

M. fraseri var. fraseri, 15, 16 

. fraseri var. pyramidata, 14-16 

. grandiflora, 16 

. kobus var. stellata, 16 

. macrophylla, 14-17, 40, 41, 48 

. soulangiana, 16 

. stellata, 16 

M. tripetala, 14-17, 40, 41, 45, 48 

Magnoliaceae, 14-16 

Magnoliales, of Kentucky, 14-17 

MAINOUS, ARCH G. III, 121 

Malanoleuca spp., 168 

Marasmiellus candidus, 169 

Marasmius fulvoferrugineus, 168 

M. nigrodiscus, 168 

M. scorodonius, 168 

Marcia Athey Fund, 192 

MASON, CHARLES E., 115 

Master Mind, Strategies for the game 
of, 139-144 

Mathematics Section program, 98, 
99 

Matrioptila jeanae, 130, 132 

Mediocerus, 32-35 

M. excavatus sp. n., 32, 34 

M. gen. n., 32 

M. mexicanus, type-species, 32 

sp. n., 32, 33 

M. parallelus sp. n., 32, 34 

MEDLEY, MAX E., 43-50 

Meehania cordata, 48 

Melanoleuca alboflavida, 168 

M. brevipes, 168 

M. cognata, 168 

Melica mutica, 64 

Membership Committee, 81 

Merlinus incarnatus, 174 

Merocanites drostei, 115 

Mexicanocerus, 32-35 

M. gen. n., 33 

M. minutus sp. n., 32 

M. whitacrei, type-species, 32 

sp. n., 32 

Micrasema rusticum, 131, 133 

Microchips, K’s, and the Memory of 
Frogs, 74-79 

Micropterus dolomieui, 9, 10, 12 

M. punctalatus, 9, 10, 11 

M. salmoides, 9 
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Minutes of the Annual Meeting, 80- 
83 

Minytrema melanops, 8, 10, 11 

Mitchella repens, 48 

Molannidae, 133 

Monarda clinopodia, 48 

M. fistulosa, 48 

Montanae, 45 

Morone chrysops, 8, 12 

Morus rubra, 48, 64 

Mosses, 64 

Mountain brook lamprey, 188 

Mountain chickadees, 152 

Moxostoma anisurum, 8 

M. carinatum, 8, 10, 12 

M. duquesnei, 8, 10 

M. erythrurum, 8, 10, 11 

M. macrolepidotum, 8 

M. spp., 12 

Mugil cephalus, 189 

Muhlenbergia sylvatica, 48 

M. tenuifolia, 48 

MULLER, ROBERT N., 36 

Mullet, striped, 189 

Multidisciplinary Symposium on Bi- 
ological and Synthetic Mem- 
branes, 101 

Mycena galericulata, 168 

M. kauffmanii, 168 

M. leaiana, 168 

M. murina, 168 

M. stannea, 168 

Mycorraphium adjustum, 174 

Myosotis macrosperma, 48 

Mystacides sepulchralis, 131, 133 

Myxidiidae, 189 

Myxidium chelonarum, 190 

M. serotinum, in Kentucky two-lined 
salamanders, 189, 190 

Myxomphalia maura, 168 

Myxomycetes, 175 

Myxosporida, 189 


Nanostoma, 162, 163 

Nectopsyche exquistia, 131, 133 

Neophylas fuscus, 131 

Neophylax acutus, 127-129, 131, 133 

N. fuscus, 133 

News and Comments, 120, 191 

NICELY, KENNETH A., 14 

Nocomis micropogon, 12 

NOLAND, ANNE V.,, 115 

Nominations, Elections, and Reso- 
lutions Committee, 82, 83 

Nonpoint source pollution, with karst 
aquifer systems, 177-181 

Northern Cardinals, winter behavior 
of, 145-153 

Notemigonus crysoleucas, 8 

Notes, 188-190 

Notropis ardens, 8, 10, 12 

N. atherinoides, 8 

N. boops, 8 

N. buchanani, 8 

N. chrysocephalus, 8, 11 


n. photogenis, 8, 12 

. rubellus, 8 

. stramineus, 8 

. umbratilis, 8, 12 

. volucellus, 8, 12 

. whipplei, 8 

Noturus flavus, 8, 12, 188 

N. gryinus, 8 

N. minurus, 8 

N. spp., 12 

NSF Young Scholars, 106, 107 
Nyctiophylax affinis, 130, 132 
Nyssa sylvatica, 40, 41, 44, 48 
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Oak, 145 

Oaks, 38 

Obolaria virginica, 48 

Ochrotrichia shawnee, 130, 132 

O. sp., 130, 132 

Oecetis cinerascens, 133 

O. cinerascens, 131, 133 

O. ditissa, 131, 133 

O. inconspicua, 131, 133 

O. nocturna, 131, 133 

O. persimilis, 131, 133 

OMER, M. KATHERINE, 145 

Omnia tomentosa, 174 

Omphalotus illudens, 169 

Oncorhynchus mykiss, 135 

Optioservus ovalis, 21 

Oreochromis aurea, 135 

Orthotrichia aegerfasciella, 130, 132 

O. curta, 129 

O. nr curta, 130, 132 

Osmerus mordax, 189 

Osmorhiza claytoni, 48 

Ostrya, 45 

O. virginiana, 39, 40, 48, 64 

Oulimnius nitidulus, 21 

Outstanding Industrial Scientist, 117 

acceptance comments, 118 

Outstanding Science Teacher, High 

School level, 119 
College-University level, 118, 119 

Outstanding teacher awards, 118, 119 

Oxalis dilleni, 48 

O. grandis, 48 

O. stricta, 64 

O. violacea, 45, 48 

O. “stricta,” 48 

Oxydendrum arboreum, 41, 48 

Oxyethira forcipata, 127, 128, 130, 
132 

O. pallida, 130, 132 

O. zeronia, 127, 128, 130, 1382 


Panaeolus sphinctrinus, 170 

P. subbalteatus, 170 

Panax quinquefolius, 43, 48 

P. trifolius, 43 

Panicum acuminatum var. fascic- 
ulatum, 48 

P. boscii, 64 

P. boscii var. b., 48 

P. commutatum var. ashei, 48 


P. commutatum var. c., 48 

P. dichotomiflorum, 48 

P. dichotomum, 48 

P. spp., 45 

P. (lanuginosum) var. fasciculatum, 
48 

Panus conchatus, 167 

Paronychia canadensis, 49 

Parthenocissus quinquefolia, 45, 49, 
61, 64 

Parus atricapillus, 152 

P. caeruleus, 152 

P. gambeli, 152 

P. major, 152 

Pawpaw, 15 

PEARSON, WILLIAM D., 6 

Pedicularis canadensis, 49 

Peercina phoxocephala, 9 

Penstemon canescens, 49 

Percina caprodes, 9 

P. maculata, 9, 10, 12 

P. phoxocephala, 12 

Periplaneta americana, 26, 27, 29, 
30 

Pezizaceae, 166 

Phacelia bipinnatifida, 49 

Phaeolus schweinitzii, 174 

Phallaceae, 172 

Phallus impudicus, 172 

Phegopteris hexagonoptera, 49 

Phellodon alboniger, 174 

P. amicum, 174 

P. confluens, 173 

P. niger, 174 

Phenacobius mirabilis, 8, 12 

PHILLIPPI, M. ANN, 18 

Philopotamidae, 130 

Phlox divaricata ssp. d., 49 

Pholiota flammans, 170 

Phosinus erythrogaster, 8, 10, 11, 13 

Phryganea sayi, 131, 133 

Phryganeidae, 131 

Phryma leptostachya, 49 

Phyacophila carolina, 132 

P. carpenteri, 132 

P. lobifera, 130, 132 

Phylocentropus placidus, 130, 132 

Physaraceae, 175 

Physarum dicipiens, 175 

P. rubiginosus, 175 

Physics Section program, 92, 93 

Phytolacca americana, 49 

Pilea pumila, 49, 64 

Pimephales notatus, 8, 11 

P. promelas, 8, 10 

P. vigilax, 8 

Pinus echinata, 49 

P. strobus, 49 

P. taeda, 49 

P. virginiana, 41, 49 

Plant spores, attached to Silurian fo- 
raminfera, 115 

Plantago rugelii, 49 

Platanus occidentalis, 145 

Platydictya confervoides, 64 
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Plecoptera, 20-22, 24 

Pluteaceae, 171 

Pluteus aurantiorugosus, 171 

Poa autumnalis, 49 

P. cuspidata, 49 

P. spp., 45 

P. sylvestris, 49 

Poaceae, 64 

Podophyllum peltatum, 46, 49 

Polycentropodidae, 128, 130 

Polycentropus centralis, 127, 128, 
130, 132 

P. cinereus, 130, 132 

P. confusus, 130, 132, 133 

P. elarus, 130, 132 

Polygala senega var latifolia, 49 

Polygonatum biflora, 64 

P. biflorum var. b. + var. commu- 
tatum, 49 

P. pubescens, 49 

Polygonum cespitosum var. longi- 
setum, 49 

P. convolvulus, 49 

P. cuspidatum, 49 

P. hydropiperoides, 49 

P. sagittatum, 49 

P. scandens var. cristatum, 49 

P. virginianum, 49 

Polymnia canadensis, 64, 66 

P. uvedalia, 49 

Polyodon spathula, 12 

Polypodium virgininum, 49 

Polyporaceae, 174 

Polyporus arcularius, 174 

P. squamosus, 174 

Polystichum acrostichoides, 45, 49 

Pomoxis annularis, 9 

P. nigromaculatus, 12 
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The Aceraceae of Kentucky 


RICHARD G. GUETIG 
Atherton High School, Louisville, Kentucky 40205 


AND 


RONALD L. JONES 
Department of Biological Sciences, Eastern Kentucky University, Richmond, Kentucky 40475 


ABSTRACT 
Documented county distributions are given for 7 species of Aceraceae that occur in Kentucky. They are 
Acer saccharum (81 counties), A. negundo (80 counties), A. rubrum (75 counties), A. saccharinum (62 
counties), A. nigrum (26 counties), A. spicatum (5 counties), and A. pensylvanicum (5 counties). A key to 


the species of Acer and a discussion on their taxonomy, habitats, and distributions are given. 


INTRODUCTION 


The Aceraceae is a family of 2 woody genera 
and 125 species, with the great majority of 
species in the genus Acer. The family is clas- 
sified in the subclass Rosidae, order Sapindales 
(1). The characteristic features of the family 
are as follows: deciduous trees or shrubs; leaves 
opposite, simple or compound, exstipulate in 
most; inflorescence lateral or terminal, with 
flowers racemose, corymbose, or paniculate; 
flowers 4-6 merous, bisexual or unisexual, hy- 
pogynous; fruit a 2-winged schizocarp. The 
flowering period for most maples is from early 
to late spring, and the fruiting period is from 
early to late summer. 

There are 13 species of Acer native to North 
America, with 9 of them occurring in the east- 
ern United States, and 7 in Kentucky (2). For 
more information on maples in the southeast- 
ern U.S. see Brizicky (3). Previous studies re- 
porting distribution information on maples in 
Kentucky have been published by Garman (4), 
MclInteer (5), Braun (6), Meijer (7), and Whar- 
ton and Barbour (8). This paper presents the 


current known county distribution of each spe- 
cies. In addition, a key to the species is given, 
and information is provided on habitats and 
associates, morphological variation, and cham- 
pion specimens. 


MATERIALS AND METHODS 


This study is based on personal collections 
and observations, and on an examination of 
about 1,000 specimens from 13 herbaria. Spec- 
imens were carefully checked for correct iden- 
tification, and appropriate label data recorded. 
Literature reports in the absence of herbarium 
vouchers or specimen citations are excluded 
from the maps. The nomenclature and range 
of each species are based on Little (2, 9, 10). 


RESULTS 


The Aceraceae is represented in Kentucky 
by 7 species of Acer (Figs. 1, 2). Records re- 
vealed Acer saccharum in 81 counties, A. ne- 
gundo in 80, A. rubrum in 75, A. saccharinum 
in 62, A. nigrum in 26, A. spicatum in 5, and 
A. pensylvanicum in 5. Specimens from west- 
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ern Kentucky with small, pubescent leaves 
which had been identified as Acer floridanum 
(Chapm.) Pax by some collectors are here con- 
sidered as forms of A. saccharum. No firm 
evidence was found to document any natu- 
ralization of introduced maples, although some 
collections of A. platanoides L. from Warren 
County and A. campestre L. from Jefferson 
County might be from escaped specimens. 


Key To NATIVE ACER 
SPECIES IN KENTUCKY 


1. Leaves compound, with 3-7 leaflets; buds 

Pray-hairy” . gece. Sete Scicuaste: 4 A. negundo 

1. Leaves simple, palmately lobed, buds gla- 
brous or slightly pubescent. 

2. Leaves regularly serrate, leaf sinuses 
forming a sharp angle; bud scales val- 
vate. Soft maples. 

3. Buds obtuse and often clustered, bud 
scales 4-8; flowers in sessile clusters; 
leaves often whitened below. 

4. Leaf sinuses cut less than half dis- 
tance to midvein, terminal lobe 
widest near base and tapering to- 
ward tip; samaras red, the seed 
body less than 1 cm long, overall 
length usually less than 3 cm ... 
ere ae arene eee A. rubrum 

4. Leaf sinuses cut more than half 
distance to midvein, terminal lobe 
narrowest near base and flaring to- 
ward the tip; samaras yellow, the 
seed body over 1.5 cm long, over- 
all length over 3.5 cm 
Aen ert A. saccharinum 

3. Buds acute, stalked, solitary, bud 
scales 2; flowers in racemes; leaves 
usually green below. 

5. Bark greenish with white stripes; 
leaves finely toothed with 5-10 
teeth per cm, leaves 10-18 cm 
wide, glabrous below; racemes 
drooping ....... A. pensylvuanicum 

5. Bark red-brown; leaves coarsely 
toothed with 2-3 teeth per cm, 
leaves 8-12 cm wide, softly pu- 
bescent below; racemes erect .. . 

Ro rinicg Ne eRe Aerie aepep ke eae A. spicatum 

2. Leaves without regular serrations; lobes 
either entire or with a few large teeth, 
leaf sinuses forming a rounded angle; 
bud scales imbricate. Hard maples. 

6. Leaf lobes drooping, usually 3, green 
and hairy below; petiole base en- 
larged with projecting stipules, en- 
closing axillary buds; twigs orange- 


brown with conspicuous lenticels . . 
I Ea aes OS A. nigrum 

6. Leaf lobes spreading, 3-5, usually 

glaucous and nearly glabrous (see 

Discussion); petiole base not distinct- 

ly enlarged, lacking stipules, axillary 

buds exposed; twigs brown and len- 
ticels inconspicuous ..... A. saccharum 


Discussion 
1. Acer negundo L. Boxelder maple. 


The boxelder maple is one of the most wide- 
ly distributed trees in North America, ranging 
throughout eastern U.S. into central Canada to 
California and Mexico. This species often grows 
in lowland areas, often in association with Pop- 
ulus deltoides, Salix nigra, Acer saccharinum, 
Fraxinus pensylvanica, Betula nigra, and Pla- 
tanus occidentalis. 

A number of intergrading varieties have been 
described in this widespread species, and at 
least 3 of them occur in Kentucky. The var. 
negundo, with green, nearly glabrous twigs 
and leaves occurs across the state. Two other 
varieties are less common in the state—var. 
violaceum (Kirchner) Jaeg., with purplish, more 
glaucous twigs, has been collected in Allen 
County, and the var. texanum Pax., with hairy 
leaves, twigs, and fruits, has been collected in 
Calloway and Carlisle counties. 

Garman (4) listed the species for 76 counties, 
mostly from the western portion of Kentucky. 
McInteer (5) considered the boxelder maple as 
“common” to “very abundant” in the Blue- 
grass, Western Coal Fields, and Jackson Pur- 
chase regions, but “very rare to very scarce” 
in other areas. Braun (6) gave 37 counties from 
across the state. The distribution of A. negundo 
given by Little (9), encompasses the entire state 
of Kentucky. The current study reports 80 
counties, with about one-half of these in cen- 
tral and north-central Kentucky (Fig. 1). 

Acer negundo is a medium-sized tree, rarely 
over 18 m tall, with scaly, greenish-brown bark. 
The current state champion boxelder is in Car- 
lise County, 77 ft (23.5 m) tall with a circum- 
ference of 13 ft 9 in (419 cm) (11). 


2. Acer nigrum Michx. f. Black maple. 


The black maple is a species of north-central 
U.S., primarily associated with glaciated 
regions, but also occurring in central Tennessee 
and at scattered sites in the Appalachians. Black 
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maple is more a lowland species than sugar 
maple, occurring in moist woodlands and along 
stream and river banks. In central Kentucky, 
it is found in association with Fagus grandi- 
folia, Fraxinus americana, Tilia americana, 
Quercus alba, Q. rubra, and Liriodendron tu- 
lipifera. 

This taxon is sometimes treated as a variety 
of sugar maple, Acer saccharum Marsh. var. 
nigrum (Michx. f.) Britton. The features in- 
dicated in the key serve to separate the great 
majority of specimens observed during this 
study. The few intermediate specimens can be 
interpreted as evidence of hybridization. For 
these reasons, as well as field experience with 
these taxa, the black maple is treated as a dis- 
tinct species. 

In Kentucky, A. nigrum is less common than 
A. saccharum. Garman (4) cited only 3 coun- 
ties (Boyle, Mercer, and Warren), and de- 
scribed the habitat as “woodland pastures.” 
MclInteer (5) listed the species as “very com- 
mon’ to “abundant” in the Bluegrass Region, 
but “very rare” in most other regions of Ken- 
tucky. Braun (6) gave 28 counties, all from the 
central and eastern portions of the state. Little 
(9) mapped the species for all of Kentucky 
except the Cumberland Mountains, the West- 
ern Coal Fields, and the Jackson Purchase. The 
present study produced a total of 26 counties 
for A. nigrum in Kentucky (Fig. 1). The ma- 
jority of specimens were collected from the 
Bluegrass Region, with a few outlying records 
in eastern and western Kentucky. 

Acer nigrum is a medium-sized tree, usually 
with dark-gray bark. The largest known in- 
dividual in Kentucky is 70 ft (21.3 m) tall with 
a circumference of 14 ft 4 in (437 cm), from 
Adair County (11). 


3. Acer pensylvanicum L. Striped maple. 


The striped maple is a small tree of northern 
woods, ranging from southern Canada and New 
England, southward along the Appalachian 
Mountains to Georgia. It grows in cool, moist, 
shaded sites, described as “cool glens” by some 
authors (8). Canopy species at these sites in- 
clude Acer saccharum, Aesculus octandra, 
Betula alleghaniensis, and Tsuga canadensis, 
with striped maple in the understory, along 
with Cornus florida, Cercis canadensis, and 
Magnolia fraseri. 

Garman (4) provided no information on this 


Acer rubrum Lb. 


Fic. 1. Documented county distributions of Acer ne- 
gundo, A. nigrum, A. pensylvanicum, and A. rubrum in 
Kentucky. Herbarium documented records are indicated 
by circles. Literature reports with specimens cited but not 
yet deposited in herbaria are indicated by triangles. 


species, and McInteer (5) listed it only for the 
Eastern Coal Fields, and considered it “rare.” 
Braun (6) and Little (10) gave only 2 counties 
(Harlan and Letcher) for A. pensylvanicum. 
More recently, the striped maple has been col- 
lected from Pike and Bell counties (12). The 
majority of specimens deposited in herbaria 
are from Black Mountain, in Harlan County. 
There are also herbarium records from Lilley 
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Cornett Woods in Letcher County, and from 
along the Big South Fork in McCreary County. 
The specimens cited for the Pike and Bell 
County records (from Pine and Cumberland 
Mountains, respectively) have yet to be acces- 
sioned in any herbarium. Figure 1 gives the 
current known distribution, based on herbar- 
ium specimens and literature reports with 
specimen citations. It is not currently listed by 
the KAS-KNPS Endangered Species Commit- 
tee, but should be given consideration because 
of the scarcity of populations and special hab- 
itat that it requires. 

Acer pensylvanicum is normally a small tree 
with conspicuous striped bark. It is usually less 
than 11 m high, but on Black Mountain an 
individual was discovered with a circumfer- 
ence of 4 ft 6 in (137 cm) and a height of 65 
ft (19.8 m), making it the national champion 
for the species (11). 


4. Acer rubrum L. Red maple. 


The red maple occurs throughout much of 
the eastern U.S., inhabiting a variety of habi- 
tats, including dry oak woods, flood plains, 
swamps, and mixed-mesophytic slopes. Asso- 
ciates at the drier sites include Quercus prinus, 
Q. alba, Q. coccinea, and Liriodendron tuli- 
pifera, at the more mesic sites Acer saccharum, 
Fraxinus americana, Magnolia acuminata, 
Quercus rubra, and Aesculus octandra, and at 
the swampy sites Nyssa sylvatica, Liquidam- 
bar styraciflua, Quercus palustris, and Betula 
nigra. 

The common form of the species in Ken- 
tucky is classified as var. rubrum. There are a 
few records of the var. drummondii (Hook. & 
Arn.) Sarg., differing in the more pubescent 
leaves and larger schizocarps, from western 
Kentucky. It grows in swamps with Taxodium 
distichum, Fraxinus profunda, and Nyssa 
aquatica. Another variation, the var. trilobum 
T. & G,, with smaller, 3-lobed leaves, occurs 
occasionally in wet sites across the state. 

Garman (4) considered this species to be 
widely distributed in the state and listed it for 
44 counties. McInteer (5) listed the plant as 
“abundant” to “very abundant” in the Eastern 
and Western Coal Fields and Jackson Purchase 
region. Other authors (6, 7, 8) have described 
the red maple as being abundant throughout 
the state, except for the calcareous regions. 
Little (9) mapped the species for the entire 
state. A total of 75 counties for A. rubrum in 


Kentucky were documented (Fig. 1). The col- 
lections indicate that the tree is widely dis- 
tributed throughout various regions of the state, 
but is notably lacking from the Inner Blue- 
grass. 

Red maples are medium to tall trees, rarely 
surpassing 30 m. The bark is smooth and gray 
on younger trees, but scaly on older ones. Two 
individuals are currently listed as state co- 
champions—one in Ballard County with cir- 
cumference and height measurements of 11 ft 
10 in (360 cm) and 90 ft (27.4 m), and one in 
Floyd County with measurements of 8 ft 7 in 
(262 cm) and 128 ft (39 m) (11). 


5. Acer saccharinum L. Silver maple. 


This common maple occurs throughout the 
eastern United States, from Minnesota to Flor- 
ida to Louisiana. The silver maple grows in 
wet, poorly drained soils and is found in a 
variety of lowland sites, often in association 
with Populus deltoides, Salix nigra, Platanus 
occidentalis, Betula nigra, Fraxinus pensyl- 
vanica, Ulmus americana, and Acer negundo. 

Garman (4) gave 88 counties, mostly from 
central and western Kentucky, for the silver 
maple. McInteer (5) provided no information 
for central Kentucky, but indicated that it was 
“rare” to “scarce” in all other regions. Braun 
(6) listed the silver maple for 37 counties in 
Kentucky and described it as less common to- 
ward the southeastern part of the state. Little 
(9) listed it for the entire state. In this report, 
A. saccharinum has been recorded for 62 coun- 
ties from across the state (Fig. 2). 

The silver maple is closely related to the red 
maple, and may hybridize with it (A. x free- 
manii E. Murray) (2, 7). Some specimens from 
several counties in the north-central region of 
the state do appear to be of hybrid origin. 

Acer saccharinum is a medium-sized tree, 
rarely over 18 m tall, with gray and shaggy- 
scaly bark. Kentucky’s largest known silver 
maple tree is located in Rowan County; this 
individual has a phenomenal circumference of 
23 ft 5 in (713 cm), and is 92 ft (28 m) tall 
(11). 


6. Acer saccharum Marsh. Sugar maple. 


The sugar maple is widely distributed in the 
northern half of the eastern deciduous forest, 
from southern Canada, south to Tennessee, and 
west to Kansas and Minnesota. It grows in a 
variety of habitats, but is most often associated 
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with mesic, well-drained slopes. In the Ap- 
palachian regions it is a co-dominant of the 
mixed mesophytic forest, often occurring with 
Tsuga canadensis, Aesculus flava, and Tilia 
heterophylla. In the western mesophytic for- 
ests of central Kentucky, sugar maple is also 
important, often as a co-dominant with Fagus 
grandifolia, Quercus rubra, and Q. alba. To- 
ward the western regions, the species becomes 
of lesser significance in the drier woodlands 
dominated by oaks and hickories, but may still 
occupy positions of importance on mesic slopes 
or stream terraces. 

The leaves of the sugar maple exhibit great 
variation throughout its range, and several va- 
rieties have been described. For more infor- 
mation on leaf variation in sugar maples see 
Desmarias (13). The commonly encountered 
type in Kentucky has 5-lobed, glaucous, and 
nearly glabrous (var. glaucum (Schmidt) Pax.) 
leaves, but plants with greener lower leaf sur- 
faces (var. saccharum), more pubescent leaves 
(var. schneckii Rehder) and more three-lobed 
leaves (var. rugelii (Pax.) Rehder) also occur 
occasionally through the state. Some of the 
smaller, more pubescent leaved forms from 
western Kentucky have been mistakenly iden- 
tified as A. floridanum (Chapm.) Pax, a more 
southerly species. The geographic significance 
of these variations is not clearly understood, 
and the taxonomy of the sugar maple is still 
controversial (2). 

In Kentucky, the sugar maple is found 
throughout the state, being listed for 101 coun- 
ties by Garman (4), and 90 counties by Braun 
(7). McInteer (5) lists the sugar maple as “com- 
mon” to “very abundant” in every geologic 
region in the state, and Little (9) maps the 
species for the entire state except Fulton, Hick- 
man, and Graves counties. In this study, the 
sugar maple was documented in 81 counties 
from all across Kentucky, including the ex- 
treme southwestern counties (Fig. 2). 

The sugar maple often reaches heights of 
over 30 m, and these older specimens typically 
have loose, platey bark. The champion sugar 
maple in Kentucky is 168 ft (51.2 m) tall with 
a circumference of 8 ft 11 in (272 cm), from 
Letcher County (11). 


7. Acer spicatum Lam. Mountain maple. 
The mountain maple is a small tree occur- 

ring in the northern hardwood and spruce-fir 

forests from southern Canada and northeastern 


ST eets- 


sles es : 


Acer saccharum Marsh. 


Acer spicatum Lam. 


Fic. 2. Documented county distributions of Acer sac- 
charinum, A. saccharum, and A. spicatum in Kentucky. 
Symbols as in Figure 1. 


U.S. into the higher elevations of the Appa- 
lachian Mountains to northern Georgia. This 
species inhabits cool, moist, shaded sites, often 
growing on north-facing slopes of these regions. 
It is an understory, shade tolerant species that 
grows in association with Acer saccharum, 
Tsuga canadensis, Fagus grandifolia, and 
Betula alleghaniensis, and at higher elevations 
with Picea rubens, Abies fraseri, and Sorbus 
americanus. 

Garman (4) gave no county or regional data, 
and McInteer (5) listed it as “very rare” from 
the Eastern Coal Fields of Kentucky. Braun 
(6), Wharton and Barbour (8), and Little (10) 
cited only Carter County for A. spicatum. This 
study verified herbarium vouchers from Carter 
(Cascade Caves), Adair (mixed woodland north 
of Columbia), and Elliott (Laurel Creek) coun- 
ties. Specimens have been collected from Black 
Mountain in Harlan County, and Buck Creek 
in Pulaski County (14), but were unavailable 
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for our examination. These 5 counties are 
mapped in Figure 2. In addition, the Kentucky 
State Nature Preserves Commission has evi- 
dence (from sight records and old literature 
reports) of A. spicatum occurring in Breathitt 
(Troublesome Creek), Menifee (Gladie Creek 
Salt Fork), and Wolfe (Chimney Top Creek) 
Counties (pers. comm.). Medley, Cranfill, and 
Thieret (14) remarked that this species was 
likely pushed southward with other northern 
species during Pleistocene glaciation, and per- 
sists at suitable sites, such as near cave open- 
ings, where cool air emerges and allows the 
plants to survive the summer heat. An effort 
should be made to search for this species, and 
to document its distribution more fully through 
herbarium collections. It is currently listed as 
a Threatened species by the KAS-KNPC En- 
dangered Species Committee (15). 

Acer spicatum is a shrubby species rarely 
surpassing 11 m tall and 20 cm in diameter. 
Currently no state champion is listed. 
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ABSTRACT 


The Laurales are represented in Kentucky by 2 families, the Calycanthaceae and the Lauraceae. Notes, 
descriptions, keys, and documented distributions are presented for the 3 species of these families known to 
occur within the state. Calycanthus floridus, currently listed as threatened in Kentucky, has the most restricted 
distribution and is known from 2 counties, McCreary and Whitley. 


INTRODUCTION 


Although represented by few species in Ken- 
tucky, worldwide the Laurales include about 
2,500 species in 8 families (1). Cronquist con- 
siders the order to be one of the most primitive 
of the extant orders of angiosperms and to be 
derived from, and more advanced than, the 
Magnoliales (2). Our Kentucky species can be 
characterized as shrubs or trees with simple, 
alternate or opposite, exstipulate leaves, and 
with conspicuous, entomophilous, perigynous 
flowers with a well-developed perianth of dis- 
tinct tepals. This paper is a companion to an 
earlier paper on the Magnoliales of Kentucky 
(3) and references to past treatments of these 
families in Kentucky can be found there. 


MATERIALS AND METHODS 


Materials and methods follow those outlined 
for the Magnoliales (3). In addition to our field 
collections, we examined 465 specimens from 
15 herbaria. 


RESULTS 


The Laurales are represented by 2 families 
in Kentucky, the Calycanthaceae and the 
Lauraceae. The Calycanthaceae includes « sin- 
gle species, Calycanthus floridus, which is 
known to occur in 2 counties (Fig. 1). The 
Lauraceae is represented by 2 species, Lindera 
benzoin, known from 78 counties, and Sassa- 


' Formerly Lindsey Wilson College, Columbia, Ken- 
tucky 42728. 


fras albidum, known from 83 counties (Fig. 
1). 


KEY TO FAMILIES 


1. Leaves opposite; flowers maroon; fruit an 
indehiscent pseudocarp enclosing several 
seed-like achenes ........... Calycanthaceae 
Leaves alternate; flowers yellowish-white or 
greenish; fruit a bluish-purple or red drupe 
enclosing a single seed ........... Lauraceae 


bo 


DIsCcUussION 


1. Calycanthaceae (Strawberry-shrub Fami- 
ly). 

A family of shrubs or small trees restricted 
to China and the United States, including 5 
species in 3 genera (1). Kentucky has but a 
single species, Calycanthus floridus, the sweet- 
shrub or strawberry bush. 


Calycanthus floridus L.; Sweet-shrub, Straw- 
berry bush. 


The sweet-shrub is mostly a species of the 
southern Appalachians and the piedmont and 
coastal plain of North and South Carolina, 
Georgia, Alabama, Florida, and Mississippi, but 
scattered populations exist in Kentucky, Vir- 
ginia, West Virginia, and Pennsylvania (4). Al- 
though relatively common in parts of its range, 
it is very restricted in our state and is known 
to occur only along the Big South Fork of the 
Cumberland River and Dog Slaughter Creek 
in McCreary and Whitley counties, respec- 
tively. For this reason, Calycanthus is listed as 
threatened in Kentucky (5). Due to its restrict- 
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SASSAFRAS ALBIDUM 


Fic. 1, 


ed distribution within the state and the near 
absence of Kentucky specimens in herbaria, a 
listing of C. floridus specimens known to have 
been collected from Kentucky is presented as 
follows—McCreary County: Braun, s.n., 778 
& 1008 US (Marc Evans, pers. comm.); Cran- 
fill, 3452 WKU! & 3472 KY!, WKU!; Mac- 
Gregor, s.n., MacGregor personal herbarium 
(Mare Evans, pers. comm.); McFarland, 85 
A!, MO!, US (Marc Evans, pers. comm.); Med- 


Documented county distributions of Calycanthus, Lindera, and Sassafras in Kentucky. 


ley, 129-78 & 195-78 KNPC (Marc Evans, pers. 
comm.); Medley and Cranfill, 2114-80 KNPC 
(Marc Evans, pers. comm.); Nicely, 8214 
WKU!; Rogers, 487 KY (destroyed in 1948 fire, 
Marc Evans, pers. comm.); Thieret, 55319 
KNK!; Whitley County: Medley, 2742-80 
KNPC (Marc Evans, pers. comm.) & 7748-83 
Medley personal herbarium (Max Medley, pers. 
comm.); Nicely, 6348 WKU!. 

Calycanthus is easily recognized by its com- 
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bination of opposite leaves and maroon flowers 
(or fibrous pseudocarps) and varietal distinc- 
tion in C. floridus is based on the degree of 
pubescence on the leaves and twigs. Our plants 
are sparsely pubescent and represent var. glau- 
cus (Willd.) T. & G. (formerly var. laevigatus 
(Willd.) T. & G. or var. oblongifolius (Nutt.) 
Boufford & Spongberg) (6). Variation in the 
amount of vestiture is quite common within 
this variety. 

Sweet-shrub is economically valuable only 
for ornamental purposes, and it should be rec- 
ognized that the plants contain an alkaloid that 
is similar to strychnine (7). Flowers appear in 
May and fruits mature in October. For more 
information on Calycanthus see Nicely (4). 


2. Lauraceae (Laurel Family). 


The Lauraceae includes some 2,000 species 
in 30 to 50 genera that are most widespread 
in subtropical and tropical areas (1). Two spe- 
cies are represented in our flora, Lindera ben- 
zoin and Sassafras albidum. For more infor- 
mation on the Lauraceae see Wood (8). 


KEY TO THE TAXA OF THE LAURACEAE 


A) Leaves pinnately veined, not lobed; fruit 
TO Cesc Se oe tai ee Lindera benzoin 
B) Leaves palmately veined, sometimes lobed; 
fruit bluish-purple ....... Sassafras albidum 


A. Lindera benzoin (L.) Blume; Spice bush. 


Spice bush is found throughout our state in 
a variety of woodlands (Fig. 1), but is often 
overlooked. It is one of the first woody plants 
to bloom, with the aromatic flowers usually 
open by mid-March. Fruit matures in July and 
August. 

Although not recorded for Kentucky, Lin- 
dera melissifolia (Walter) Blume, the pond- 
berry, may occur in the western part of our 
state. This rare shrub inhabits swampy habitats 
in widely scattered locations in the southeast- 
ern United States, and is known to occur in 
southeast Missouri (9). 


B. Sassafras albidum (Nuttall) C. G. Nees; 
Sassafras. 


As with Lindera, sassafras is found through- 
out Kentucky (Fig. 1), and is one member of 
our flora that is familiar to most people. The 
species is common in a number of habitats and 


produces a colorful display in the fall, es- 
pecially along roadsides where it forms exten- 
sive clones. Flowering begins in April and fruit 
maturation occurs in September. 

Sassafras is somewhat economically impor- 
tant as a source of safrole, which is either con- 
sumed directly as a tea made from the tree’s 
roots, or indirectly as the flavoring of root beer. 
Safrole has been shown to be both carcinogenic 
and hepatotoxic (7). Sassafras is of modest val- 
ue to wildlife and of limited value for its wood, 
due in part to the lack of trees of sufficient size 
for timbering. 
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ABSTRACT 


A review of the Curtara (Curtara) sata species group from Hispanola with descriptions of three new 


species carloorum n. sp., blancoi n. sp., and acroschismata n. sp. 


INTRODUCTION 


The genus Curtara was originally described 
in the subfamily Gyponinae (1), and now con- 
tains more than 140 species (2, 3). In this paper 
we described 3 new species related to sata 
DeLong & Freytag: carloorum n. sp., blancoi 
n. sp., and acroschismata n. sp. 

The limited number of specimens available 
make it difficult to separate species in this group; 
however, most can be distinguished by differ- 
ences in the male genitalia. Females are poorly 
represented in collections and are not associ- 
ated with species descriptions at this time. Most 
females show only slight morphological dif- 
ferences, so we have based our species descrip- 
tions on the male genitalic characters. 

The species in the sata group are known 
only from Hispanola, and are separated from 
other Curtara species by their unusual male 
genitalic characters, primarily the very large 
paraphyses on the aedeagus, and wrench-like 
styles. 

The majority of the material used in this 
study was collected in the Dominican Republic 
in 1973 and 1979 and sent to the senior author 
by L. B. O’Brien in exchange for some ful- 
goroid material. We appreciate her sending 
this material for our study. 


' This paper is published with the approval of the Di- 
rector of the Kentucky Agricultural Experiment Station 
as journal article no, 90-7-146. Junior author was supported 
by Summer Oppotunities in the Biological Sciences and 
Chemistry for Undergraduate Minority Students. 


KEY TO THE SATA SPECIES GROUP 
(MALES ONLY) 


1. Styles with a dorsal subapical process (Figs. 
DG) ss cay deca ava dai A eae ducal oyster 2 

1’. Styles without a dorsal subapical process 
(Figs. 10 and 14) 

2. Style bent dorsad near the middle (Fig. 2) 
se aioe ewe. yelawin sa sata DeLong & Freytag 

2'. Style not bent dorsad near middle (Fig. 6) 
Een IER | teh a MPR MES 228 2 carloorum sp. n. 

3. Style gradually narrowing to apex (Fig. 10) 
SR RRR er ee a es acroschismata sp. n. 

3’. Style more abruptly narrowed and narrow 

for over half distance to apex (Fig. 14) .. 
Sraysts idee ner ery eee cere blancoi sp. n. 


Curtara (Curtara) sata DeLong & Freytag 
(Figs. 1-4) 


Curtara (Curtara) sata Delong & Freytag 1976 
(type locality—Port-au-Prince, Haiti). 


Length of males 7.5 mm, female 8.5 mm. 
Crown broadly, roundly produced, more than 
twice as wide between eyes at base as median 
length. 

Color: generally pale brown or buff with a 
small rounded, dark brown spot on base of 
crown behind each ocellus. Pronotum with nu- 
merous dark-brown punctate spots. Forewings 
buff, veins margined with dark brown, cross 
veins on corium and apices of claval veins dark 
brown. Face dark brown with a horizontal 
darker brown line in middle. 

Male genitalia: plate almost 4 times as long 
as wide, with thin apex smoothly rounded. Style 
dorsally curved near middle, with a large, 
rounded, dorsal projection near apex; apex bent, 
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projecting dorsally, slightly bilobed; both 
forming wrench-like apex to style. Aedeagus 
with shaft thin, slender to apex, with 2 spine- 
like apical processes; paraphyses broad, with a 
small ventrally recurved apical projection and 
horn-like projection extending along shaft to 
near base. Pygofer with a narrow dorsally 
pointed apex. 

Female genitalia: seventh sternum with pro- 
duced, rounded lateral angles, between which 
posterior margin deeply, roundly excavated; 
each side of a broad median produced lobe 
more than half width of segment and extend- 
ing almost equal to length of lateral angles. 

Material seen: Holotype male and allotype 
female. Note: the male genitalia in the geni- 
talia vial with the holotype are not of this spe- 
cies. The ones in the vial are probably of a 
common species from Central America. The 
genitalia are, however, well drawn in Figures 
21 and 22 (1). One additional male has been 
seen from the Dominican Republic, Peravia 2 
km N. Nizao, 5 August 1979, L. B. O’Brien, 
in the University of Kentucky collection. 

Note: this species is now known from both 
countries of Hispanola: Haiti and the Domin- 
ican Republic. Also, since the genitalia of the 
holotype has been exchanged or lost by acci- 
dent, the drawings used in the original de- 
scription were relied on for the determination 
of this species. 


Curtara (Curtara) carloorum sp. n. 
(Figs. 5-8) 

Length of males 6.5-7.5 mm, female un- 
known. Crown broadly, roundly produced, 
more than twice as wide between the eyes at 
base as median length. 

Color: generally pale brown or buff with a 
small rounded, dark brown spot on base of 
crown behind each ocellus. Pronotum with nu- 
merous dark-brown punctate spots. Forewings 
buff, veins margined with dark brown, cross 
veins on corium and apices of claval veins dark 
brown. Face dark brown. 

Male genitalia: plate long almost 4 times as 
long as wide, thin, with thickened basal area; 
apex rounded. Style with large rounded dorsal 
subapical process, apex roundly bent dorsad 
with tip bilobed, upper projection sharply 
pointed, lower projection rounded, both apex 
and subapical process about same length. Ae- 
deagus similar to that of sata; but with thinner 


3 
SATA . 
(hy 
CARLOORUM ; 
6 8 
Fics. 1-4. Curtara (C.) sata DeLong & Freytag, 1. lat- 


eral view of aedeagus. 2. lateroventral view of style. 3. 
ventral view of plate. 4. lateral view of pygofer. 

Fics. 5-8. Curtara (C.) carloorum sp. n. 5. lateral view 
of aedeagus with dorsal view of apical end. 6. lateroventral 
view of style. 7. ventral view of plate. 8. lateral view of 
pygofer. All drawings to the same scale, line equals 0.5 
mm, 


base, shaft with 2 small apical processes; apex 
of paraphyses with sharp projection pointed 
ventrally, with long horn-like projection par- 
alleling shaft to near base. Pygofer with trun- 
cate caudally pointed apex. 

Holotype male: Dominican Republic, Pera- 
via, 13 km NW. Bani, VIII-6-1979, L. B. 
O’Brien, in the U.S. National Museum. Para- 
types: 1 male, Dominican Republic 2 km Ni- 
zao, VIII-5-1979, C. W. O’Brien, in the Ohio 
State University collection; 1 male, same data 
as holotype in the University of Kentucky col- 
lection. 

Note: this species is separated from sata by 
the key character, as well as by having a large 
plate and caudally projecting apical processes 
on the pygofer. This species is named in honor 
of Simon E. Carlo, M.D. and his wife Carmen 
R. Torres-Carlo. 


Curtara (Curtara) acroschismata sp. n. 
(Figs. 9-12) 


Length of males 6.5-7.0 mm, female un- 
known. Crown broadly, roundly produced, 
more than twice as wide between eyes at base 
as median length. 
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DO)” 14) 


t2 
ACROSCHISMATA 
y) - 
13 
BLANCO! Y 16 


14 5 


Fics. 9-12. 
view of aedeagus with dorsal view of apical end. 10. la- 


Curtara (C.) acroschismata sp. n. 9. lateral 


teroventral view of style. 11. ventral view of plate. 12 
lateral view of pygofer 

Fics. 13-16. Curtara (C.) blancoi sp. n. 13. lateral view 
of aedeagus with dorsal view of apical end. 14. laterov- 
entral view of style. 15. ventral view of plate. 16. lateral 
view of pygofer. All drawings to the same scale, line equals 
0.5 mm 


Color: generally pale brown or buff with a 
small rounded, dark brown spot on base of 
crown behind each ocellus. Pronotum with nu- 
merous dark-brown punctate spots. Forewings 
buff, veins margined with dark brown, cross 
veins on corium and apices of claval veins dark 
brown. Face light brown. 

Male genitalia: plate almost 4 times as long 
as wide, with apex smooth, tapered, rounded 
to lateral margin. Style with apex enlarged, 
bent dorsally into a bilobed dorsal projection, 
not broad at base. Aedeagal base thin, shaft 
long with 2 long apical processes; apex of pa- 
raphyses with an upward pointed projection, 
also a broad horn-like projection extending 
along shaft nearly to base. Pygofer with apical 
ventrally pointed projection. 

Holotype male: Dominican Republic, Pera- 
via, 13 km NW. Bani, VIII-6-1979, L. B. 
O'Brien, in the U.S. National Museum. Para- 
types: 2 males, same data as holotype, 1 in the 
Ohio State University collection and the other 
in the University of Kentucky collection. 


Note: this species can be separated from sata 
by the style lacking the subapical dorsal process 
and the pygofer having caudally projecting 
apical processes. 


Curtara (Curtara) blancoi sp. n. 
(Figs. 13-16) 


Length of males 7.5-8.0 mm, female un- 
known. Crown broadly, roundly produced, 
more than twice as wide between eyes at base 
as median length. 

Color: generally pale brown or buff with a 
small rounded, dark-brown spot on base of 
crown behind each ocellus. Pronotum with nu- 
merous dark-brown punctate spots. Forewings 
buff, veins margined with dark brown, cross 
veins on corium and apices of claval veins dark 
brown. Face light brown. 

Male genitalia: plate long, almost 4 times as 
long as wide, with apex widely rounded, basal 
area dorsally thickened. Style with enlarged 
single dorsal projection on apex, truncate, with 
thickening near base. Aedeagus with thickened 
base, shaft thin with 2 long apical processes; 
paraphyses with slight median dorsal process, 
enlarged horn-like process extending to base 
of shaft. Pygofer with large apical ventral pro- 
jection. 

Holotype male: Dominican Republic, Da- 
jabon Province 13 km S. Loma de Cabrera, ca. 
400 m, V-20-22-1973, Don & Mignon Davis, 
in the U.S. National Museum. Paratypes: 2 
males, same data as holotype, 1 in the Ohio 
State University collection and the other in the 
University of Kentucky collection. 

Note: This species is similar to acroschis- 
mata, but differs by the key character as well 
as by having an enlarged spatulate apex on the 
plate. It is named in honor of Javier G. Blanco. 
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Channel Catfish ([ctalurus punciatus) in Kentucky 
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ABSTRACT 


Eggs, yolk-sac fry, and small fingerling (1.6 g) channel catfish (Ictalurus punctatus) were transported 
from Mississippi and raised in earthen ponds in Kentucky. Growth, yield, survival, feed conversion, and 
production cost of each developmental stage was compared to determine the most efficious stage for pro- 
duction of fingerlings (>27 g) for stocking Kentucky production ponds. Survival was significantly lower (P 
< 0.05) at harvest for channel catfish transported as eggs. Average harvest size (g) and net production (kg/ 
ha) were significantly lower (P < 0.05) for channel catfish transported as small fingerlings. Average production 
cost per fingerling produced was 2.9, 2.8, and 4.6 cents each for channel catfish transported as eggs, fry, or 
small fingerlings, respectively. Yolk-sac fry appear to be the optimal transport stage for production of large 


fingerlings for stocking in Kentucky ponds. 


INTRODUCTION 


Production of channel catfish (Ictalurus 
punctatus) has become an increasingly viable 
option in areas outside of traditional deep-south 
regions (1). However, commercial production 
of catfish fingerlings in Kentucky has not de- 
veloped substantially. Kentucky has a short 
growing season (180-200 days) which requires 
that large fingerlings (27-64 g) be stocked into 
production ponds if market-sized fish are to be 
raised in one summer (2). However, fingerlings 
of this size often remain prohibitively expen- 
sive. 

Transport of eggs from deep-south produc- 
ers has been investigated as an alternative 
method of producing large fingerling catfish 
in Kentucky (3). Advantages include elimi- 
nation of inherent risks (i.e., mortality or re- 
productive failure) and acreage requirements 
of holding catfish broodstock. Shipment of eggs 
also can extend the growing season since eggs 
can be obtained from deep-south producers at 
least one month earlier than spawning nor- 
mally occurs in Kentucky (2). We compared 
growth, yield, survival, feed conversion, and 
production cost of channel catfish transported 
at 3 developmental stages and reared to fin- 
gerlings in earthen ponds in Kentucky. 


MATERIALS AND METHODS 


Eggs, yolk-sac fry, and 1.6 g fingerlings were 
purchased from a commercial fingerling pro- 
ducer in Mississippi (Sandling and Stevens 
Fisheries, Silver City, Mississippi) as early in 
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the season as each stage was available. The 
study was conducted in 9 0.04-ha earthen ponds 
at the Aquaculture Research Center at Ken- 
tucky State University, Frankfort, Kentucky. 
Each treatment (developmental stage) was 
replicated in 8 ponds, each stocked at a density 
of 74,100 fish/ha. 

On 16 May 1988, eggs were transported as 
described by Mims et al. (3) and placed into 
a flowing water hatching trough (27°C). Hatch- 
ing began on 17 May 1988. After “swim-up” 
activity was observed, fry were fed a 50% crude 
protein commercial trout starter (Ziegler; 
Gardners, Pennsylvania) in tanks for 7 days 
prior to stocking. On 1 June 1988, fry were 
stocked into ponds prepared according to Jen- 
sen et al. (4). 

Yolk-sac fry were transported 24 May 1988. 
Transport, holding, and feeding were similar 
to procedures for fish transported as eggs. Fry 
(0.08 g) were stocked on 7 June 1988. 

Small fingerlings (1.6 g) were obtained 26 
July 1988 and transported in an insulated haul- 
ing tank supplemented with pure oxygen and 
mechanical aeration. Fish were held in tanks 
overnight and stocked on 27 July 1988. 

Fish were fed daily according to a standard 
feed chart (4). Estimated body weights were 
recalculated weekly based upon a 1.5 feed- 
conversion ratio. One hundred fish were seined 
from each pond and individually weighed each 
month. Feed rates, feed type, and particle size 
were adjusted according to fish size (5). 

Ponds were monitored twice daily (0900 and 
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TABLE 1. 
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Water quality data for ponds containing channel catfish transported from Mississippi as eggs, yolk-sac fry, 


and small fingerlings. Values are means* of three replicates (+standard error). 


Treatment 
Water quality parameter Egg Fry Fingerling 
Temperature (°C) 28.1 + 0.40a 28.1 + 0.40a 27.8 + 0.2la 
Morning DO (mg/liter) 6.7 + 0.40a 6.8 + 0.46a 7.3 + 0.32a 
Afternoon DO (mg/liter) 11.1 + 0.85a 11.6 + 0.55a 12.8 + 0.64a 
pH 8.4 + 0.12b 8.4 + 0.10b 8.8 + 0.10a 
Total ammonia (mg/liter N) 0.61 + 0.18a 0.48 + 0.10a 0.32 + 0.10a 
Un-ionized ammonia (mg/liter N) 0.096 + 0.006a 0.071 + 0.006a 0.096 + 0.022a 
Nitrite (mg/liter N) 0.046 + 0.015a 0.043 + 0.025a 0.017 + 0.006a 
» Means within a row followed by the same letter are not significantly different (P > 0.05; Fisher’s Least Significant Difference Test) 


1300 hr) for dissolved oxygen (DO) and tem- 
perature using a YSI Model 54A oxygen meter 
(Yellow Springs Instruments, Yellow Springs, 
Ohio). Ammonia (total and un-ionized) and 
nitrite were measured twice weekly using a 
model DREL/5 spectrophotometer (Hach Co., 
Loveland, Colorado) and pH was measured 
twice weekly using a model PHH-43 electronic 
pH meter (Omega Engineering, Stamford, 
Connecticut). Ponds were harvested 17-19 Oc- 
tober 1988. Data were analyzed by analysis of 
variance using the SAS ANOVA procedure (6) 
with separation of means by Fisher’s Least Sig- 
nificant Difference Test (P = 0.05). 


RESULTS AND DISCUSSION 


Water temperature, DO, total ammonia, un- 
ionized ammonia, and nitrate levels were not 
significantly different (P > 0.05) among treat- 
ments (Table 1). Ponds stocked with channel 
catfish transported as small fingerlings had sig- 
nificantly higher (P < 0.05) pH than other 
ponds; but measured water quality variables 
remained within limits for optimal growth in 
channel catfish (7, 8). 

Survival of fish transported as eggs averaged 


66% and was significantly lower (P < 0.05) 
than survival of fish transported as fry or fin- 
gerlings (85% and 93%, respectively) (Table 
2). A high incidence of filamentous algae in 
ponds stocked with channel catfish transported 
as eggs may have entrapped some fry. 

At harvest, fish transported as small finger- 
lings averaged 21.5 g (Table 2) and did not 
attain the minimum target size (27 g) required 
for growout in 180-200 days (2). Mean harvest 
weight for these fish was significantly lower (P 
< 0.05) than harvest weights for fish trans- 
ported as eggs or fry (67.8 g and 54.5 g, re- 
spectively) (Fig. 1). The lower average weight 
of fish transported as fingerlings may be due 
to high densities maintained by commercial 
fingerling producers (125,000-625,000 fry /ha) 
(9). 

Net production in fish transported as small 
fingerlings was significantly lower (P < 0.05) 
than for fish transported as eggs or fry. Net 
production in fish transported as fry (3,458 kg/ 
ha) was slightly higher than in fish transported 
as eggs (3,245 kg/ha), though differences were 
not significant (P > 0.05). There were no sig- 
nificant differences (P > 0.05) in feed-con- 
version ratios for the 3 treatments. All were 


TaBLe 2. Harvest data for channel catfish transported from Mississippi as eggs, yolk-sac fry, and samll fingerlings. 


Values are means* of three replicates (+standard error). 


Production parameter Egg 
Average size at harvest (g) 67.8 + 8.la 
Survival (%) 65.6 + 13.0b 
Net production (kg/ha) 8,245.6 + 321l.la 
Feed conversion ratio 13+ 0.la 


Treatment 


Fry Fingerling 
54.5 + 9.la 21.5 + 0.9b 
85.0 + 6.9a 93.3 + 1.2a 
3,458.0 + 829.9a 1,368.4 + 44.5b 
1.2 + 0.2a 1.2 + O.la 


* Means within a row followed by the same letter are not significantly different (P > 0.05; Fisher's Least Significant Difference Test). 
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704 


607 + Fry 
+ Fingerling 


Weight (g) 


6/1 7/1 7/31 


8/30 9/29 


Sampling date 


Fic. 1. 


Individual body weights (g) of channel catfish transported from Mississippi as eggs, yolk-sac fry, and small 


fingerlings. Values represent means of three replicate ponds (n = 100 fish/pond). 


lower than 1.5, indicating that no overfeeding 
occurred. 

Production costs were calculated for each 
treatment. Average costs of $300/ton of feed 
and $90 for transportation were used. Purchase 
price per individual, survival, amount of feed, 
water, electricity, and equipment required 
varied for each treatment. Costs for water, 
electricity, and equipment were based on val- 
ues calculated by Hebicha (10). 

Average cost per individual produced was 
2.9, 2.8, and 4.9 cents for fish transported as 
eggs, fry, and fingerlings, respectively. Fish in 
all treatments did not reach the same harvest 
size and costs also were calculated on a per- 
inch basis (a common price basis in the in- 
dustry). Costs for fish transported as eggs and 
fry were 0.35 and 0.34 cents per inch, respec- 
tively. For fish transported as fingerlings, the 
cost was 0.93 cents per inch, an increase re- 
flecting higher initial cost per individual. 

In summary, pond survival of channel cat- 
fish transported as eggs was significantly lower 
than fish transported as fry or small fingerlings. 
Channel catfish transported as small fingerlings 
did not attain minimum growout size. Pro- 
duction costs were lower for transported fry 
than for transported eggs or fingerlings, and 
fry are not subject to the risks and expenses 
associated with hatching eggs. Transporting 
yolk-sac fry from Mississippi appears to be a 


viable alternative for producing large, eco- 
nomical channel catfish fingerlings in the short 
growing season in Kentucky. 
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ABSTRACT 


Field and museum investigations revealed new distributional records for 8 fishes within the Barren, 
Cumberland, and Tennessee river drainages of Kentucky, including species previously undocumented from 
these drainages. Noturus eleutherus, Percina copelandi, and Percina shumardi are additions to the known 
ichthyofauna of the Barren River drainage. Within the Cumberland River drainage, collections of Noturus 
flavus and Etheostoma camurum from the Red River represent the first documented occurrence of these 


species in that river and their downstream-most occurrence in the Cumberland River drainage; Lepomis 
miniatus (formerly L. punctatus), taken in the lower Cumberland River drainage in western Kentucky, 
represents the first substantiated record for the entire system; and Etheostoma kennicotti is recorded for 
the first time in the Big South Fork drainage of Kentucky. A preimpoundment specimen of Lampetra 
appendix also was located and represents the only known occurrence of that species in the Tennessee River 


drainage of Kentucky. 


INTRODUCTION 


In a continuing effort to thoroughly docu- 
ment the distribution of Kentucky fishes (1), 
several new records of fishes from Kentucky 
were reported recently (2). Subsequently, field 
and museum work conducted in the summer 
of 1990 revealed range extensions for 8 species 
within the Barren, Cumberland, and Tennes- 
see rivers including fishes previously undocu- 
mented from these drainages. 


MATERIALS AND METHODS 


All specimens were collected by the authors 
using standard minnow seines or were discov- 
ered in previously unreported museum hold- 
ings. Voucher specimens for all included spe- 
cies, except the American brook lamprey (at 
the University of Michigan Museum of Zool- 
ogy, UMMZ), are deposited at Southern Illinois 
University at Carbondale (SIUC). For each 
species account, the catalog number is fol- 
lowed by the number of specimens (in paren- 
theses), the locality, date of collection, and re- 
marks summarizing the significance of the 
record(s) and, as appropriate, the conservation 
status of the species. 


RESULTS AND DISCUSSION 


Lampetra appendix. American brook lam- 
prey.—UMMZ 217692 (1), Tennessee River 
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(Ohio R. dr.), in coffer dam at W side of Ken- 
tucky Dam site, Marshall Co., 2 February 1943. 
Previously, the American brook lamprey was 
known in Kentucky with verifiable records from 
the Little Sandy, Big Sandy, upper Licking, 
upper Kentucky, upper Cumberland, and up- 
per Green river drainages (1). The single spec- 
imen (ca. 130 mm total length and 64 trunk 
myomeres) is in poor condition and represents 
the only verified record known to us from the 
Tennessee River drainage of Kentucky. The 
individual was collected by Clarence Tarzwell 
et al. for the Tennessee Valley Authority prior 
to impoundment of the Tennessee River to 
form Kentucky Lake. Considering the life cy- 
cle of the lamprey, it seems unlikely that a 
self-sustaining population exists in the im- 
pounded region of the lower Tennessee River. 
The American brook lamprey is considered 
threatened in Kentucky (3). 

Noturus eleutherus, mountain madtom.— 
SIUC 7646 (1), Barren R. (Green R. dr.), below 
U.S. Lock and Dam No. 1, 11.3 km NNE Bowl- 
ing Green, Warren Co., 12 October 1980. The 
mountain madtom is known in Kentucky from 
the Ohio, Big Sandy, Licking, Kentucky, and 
upper Green rivers, being generally distrib- 
uted and common in the latter (1). The single 
individual reported here represents the first 
record of the species from the Barren River 
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system, but records are available from the 
Green River mainstream near the mouth of 
the Barren River. 

Noturus flavus, stonecat.—SIUC 17873 (1), 
Red River (Cumberland R. dr.), 2.9 (road) km 
E Keysburg on Hwy 106, 50 m N Kentucky- 
Tennessee state line, Logan Co., 11 August 
1990. The Cumberland River populations of 
this madtom, currently referable to N. flavus, 
represent an undescribed species (or subspe- 
cies) (1). Previously, the stonecat was known 
in the Cumberland River drainage from the 
Rockcastle River downstream to the Harpeth 
River (1, 4; D. A. Etnier, pers. comm.). The 
specimen reported here represents the down- 
stream-most record in the Cumberland River 
drainage and an addition to the fishes known 
from the Red River. The specimen has the 
distinctive pigmentation pattern on the occi- 
put that characterizes the undescribed form in 
the Cumberland River. 

Lepomis miniatus, redspotted sunfish.— 
SIUC 17830 (2), old channel Crooked Cr. 
(Cumberland R. dr.), 7.2 km N Golden Pond, 
ca. 1.3 km SSE Ferguson Springs, Trigg Co., 
4 June 1990; SIUC 17836 (18), same locality 
as SIUC 17830, 7 June 1990. The redspotted 
sunfish, formerly regarded as a subspecies of 
the spotted sunfish (L. punctatus), recently was 
recognized as a distinct species (5), and Ken- 
tucky populations are now referable to L. min- 
iatus. The discovery of the species in the 
Crooked Creek system represents the first sub- 
stantiated record for the entire Cumberland 
River drainage (1; D. A. Etnier, pers. comm.,; 
contra Lee, 6). The sampled site lies in a spring- 
fed wetland and offers potential habitat for 
other lowland fishes that are typical of the Mis- 
sissippi Embayment and Gulf Coastal Plain 
lowlands (e.g., Lepomis symmetricus, Elas- 
soma zonatum) but are unknown from the 
Cumberland River drainage. Our sampling at 
this site was cursory, and we encourage inter- 
ested workers to thoroughly search the area for 
other spring and lowland fishes. The redspot- 
ted sunfish (as L. punctatus) is considered 
threatened in Kentucky (3). 

Etheostoma camurum, bluebreast darter.— 
SIUC 17875 (5), Red River (Cumberland R. 
dr.), 2.9 (road) km E Keysburg on Hwy 106, 
50 m N Kentucky—Tennessee state line, Logan 
Co., 11 August 1990. Although Stauffer (7) de- 
picted a record of the bluebreast darter from 


the Red River, Burr and Warren (1) discounted 
it because no specimens could be located, and 
the only members of the subgenus Nothonotus 
known in vouchered collections from the Red 
River were Etheostoma microlepidum and E. 
rufilineatum. We were alerted to the possible 
occurrence of the bluebreast darter in the Ken- 
tucky portion of the Red River by D. A. Etnier 
who obtained specimens of both the bluebreast 
darter and Tippecanoe darter (Etheostoma 
tippecanoe) in the Tennessee portion of the 
river in spring 1990. Our collection (and that 
of Etnier and colleagues) extends the down- 
stream range of the bluebreast darter in the 
Cumberland River and constitutes an addition 
to the fish fauna of the Red River. Associates 
of the species at the site included Erimystax 
insignis (formerly Hybopsis insignis), Notu- 
rus flavus, E. blennioides, E. microlepidum, 
E. rufilineatum, and E. zonale. Erimystax in- 
signis and E. microlepidum were relatively 
common at the site; both are considered en- 
dangered in Kentucky (3). We believe further 
survey efforts are indicated in the Red River 
and anticipate additional records of fishes (e.g., 
E. tippecanoe) from the Kentucky portion of 
the drainage. 

Etheostoma kennicotti, stripetail darter.— 
SIUC 17838 (3), Smith Fork (Roaring Paunch 
Cr.—Big S. Fk. Cumberland R. dr.), 2.7 km 
W Pine Knot, at confluence with Garber Br., 
McCreary Co., 8 August 1990. Burr and War- 
ren (1) indicated that the stripetail darter was 
known in the Kentucky portion of the Cum- 
berland River only from (and including) Lau- 
rel River upstream to the headwaters of Poor 
Fork Cumberland River. Comiskey and Etnier 
(8) noted one occurrence of the stripetail darter 
in Big South Fork Cumberland River from 
Perkins Creek (Roaring Paunch Creek drain- 
age), Scott County, Tennessee. Although pre- 
dictably present based on Comiskey and Etnier 
(8), other recent collections in the Big South 
Fork including the Kentucky portion of the 
Roaring Paunch system failed to reveal the 
species (9, 10). Our report of the stripetail dart- 
er in the Roaring Paunch Creek drainage con- 
stitutes an addition to the fish fauna docu- 
mented from the Big South Fork Cumberland 
River of Kentucky. The apparently restricted 
distribution of the darter in the Big South Fork 
is attributed to man-induced divergence of a 
small tributary of the Cumberland River above 
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the falls into a headwater tributary of Roaring 
Paunch Creek (8). 

Percina copelandi, channel darter.—SIUC 
17863 (10), Barren R. (Green R. dr.), below 
U.S. Lock and Dam No. 1, 11.3km NNE Bowl- 
ing Green, Warren Co., 6 August 1990. Within 
the Green River drainage the channel darter 
was known previously from just below the 
mouth of the Barren River upstream to the 
headwaters of the Green River; one historic 
record also was known from Rough River (1). 
The occurrence of the species in the Barren 
River constitutes a new record for that drain- 
age and emphasizes the need for continued 
surveys of fishes in large-river habitats of the 
state. The channel darter was taken from a 
flowing pool (75-120 cm deep) underlain with 
a mixture of gravel, sand, and detritus in as- 
sociation with Erimystax dissimilis (formerly 
Hybopsis dissimilis), Etheostoma tippecanoe, 
Percina caprodes, P. phoxocephala, P. sciera, 
and P. shumardi. 

Percina shumardi, river darter.—SIUC 
17866 (2), Barren R. (Green R. dr.), below U.S. 
Lock and Dam No. 1, 11.3 km NNE Bowling 
Green, Warren Co., 6 August 1990. In Ken- 
tucky, the river darter is sporadic and uncom- 
mon in main channels of large streams and 
rivers from Bayou du Chien east to the Little 
Sandy River (1). Within the Green River drain- 
age the species was known previously only from 
3 records, 2 in the mainstream of the upper 
Green River above the mouth of the Barren 
River and 1 historic, but as yet unconfirmed, 
record in the Rough River. Our discovery of 
the species in the lower Barren River main- 
stream is the first report from that drainage 
and suggests further searches in main channel 
habitats should yield additional localities for 
the species. Observations of habitat and asso- 
ciated species are given in the channel darter 
account. 

The discovery of the stonecat, redspotted 
sunfish, and bluebreast darter brings the total 
number of species known from the lower Cum- 
berland River drainage of Kentucky as defined 
by Burr and Warren (1, p. 380, Fig. 15) to 129 
native species. This diversity is unequaled in 
any major drainage division in the state. Our 
collections of the mountain madtom, channel 
darter, and river darter and that of Burr et al. 
(2) of the Tippecanoe darter increase the num- 
ber of fishes known from the Barren River in 


Kentucky to 112. In the Big South Fork Cum- 
berland River in Kentucky, the addition 
of the rosyside dace (2) and stripetail darter 
increases the known list of fishes to 77. Inter- 
estingly, recent discoveries of range extensions, 
new drainage records, and additions to the 
Kentucky ichthyofauna (2) primarily have been 
made in extremes of the lotic milieu: small, 
headwater streams (e.g., stripetail darter in the 
Big South Fork) or spring-fed wetlands (e.g., 
redspotted sunfish in the lower Cumberland 
River) and main channels of large, flowing riv- 
ers (e.g., river, channel, and Tippecanoe dart- 
ers in the Barren River). These habitats deserve 
further attention in faunal surveys and are like- 
ly to continue to yield ichthyofaunal surprises. 
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ABSTRACT 
A species-area curve was derived from floras of areas in Kentucky and adjacent states in the Mixed 
Mesophytic and Western Mesophytic Forest regions as described by Braun (1). The formula for the curve 
was S = 272A°1!5, where S is the expected number of species and A is the area in hectares. This curve 


explained 80% of the species richness in the areas considered. It was used to compare relative floristic richness 
of different-sized areas, to identify areas with exceptionally rich floras, and to evaluate the extent of species 


recolonization of 2 coal surface-mined areas. 


INTRODUCTION 


It has long been observed that increasingly 
larger areas are inhabited by increasingly larg- 
er number of species (2, 3, 4). However, flo- 
ristic richness of different-sized natural areas 
are frequently compared using absolute num- 
bers of species present, even though the areas 
being compared may differ significantly in size. 
Therefore, a better indicator than total num- 
bers of species is necessary. Williams (5), Kil- 
burn (6), and Conner and McCoy (7) suggested 
that plots of log numbers of species versus log 
areas would allow rapid comparisons of flo- 
ristic richness in different areas while at the 
same time taking area-size differences into ac- 
count. DeWolf (8) used the species-area curve 
to predict the size of floras in large regions and 
the number of botanist-years which would be 
required to produced adequate floras. 

Preston (9) presented the species-area curve 
in the general form: 


S = cA? or log(S) = log(c) + z log(A), 


where S = the number of species, c = a con- 
stant based on the number of species expected 
on one hectare, A = area in hectares, z = a 
constant related to the slope of the line result- 
ing from regression of S on A. Using world- 
wide data, including islands, Williams (5) 
indicated that the species-area relationship is 
linear over a range of 1 to 10° ha, while Preston 
(9) placed the lower limit of the range of lin- 
earity at 10 ha. The curve shows steeper slopes 
outside this range (5). 
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Using 100 species-area data sets on many 
kinds of organisms, Conner and McCoy (7) 
examined 4 mathematical models of the spe- 
cies-area relationship: the power function (log- 
species/logarea), the exponential function 
(species/logarea) proposed by Gleason (4), a 
logspecies/area, and untransformed (species/ 
area). They found that no model type was uni- 
formly “best.” 

Species-area curves can be constructed for 
any region for which there are relatively com- 
plete floras in areas of different size. The curves 
can be used to compare “found” species rich- 
ness to “expected” richness of an area and ob- 
jectively identify areas with exceptionally rich 
floras. They can be used as indices to compare 
relative richness of floras from different areas, 
e.g., a flora with the greatest positive deviation 
from the expected number of species is the 
most relatively rich. The curves can be used 
as criteria for judging the extent of revegeta- 
tion and species colonization of drastically dis- 
turbed areas. Finally, the curves can be used 
to estimate time and resources required to make 
a floristic inventory of specific areas (8). 

Although the species-area relationship is well 
known and is a basic concept in ecology texts, 
its usefulness has been overlooked for evalu- 
ation of regional, county, and local floras. The 
purposes of this paper are to derive a species- 
area curve from selected regional floras; to 
compare relative floristic richness of different- 
sized areas; to identify areas with exceptionally 
rich floras; and to judge the extent of species 
recolonization of two coal surface-mined areas. 
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TaBLE 1. Floras used in determination of the species-area curve. Location code is the identifier presented in Figure 1. 
Percent 
Number Number of deviation 
of known predicted from 
Code and location Area (ha) species species predicted Source 
Mixed Mesophytic Forest Region 
A Wirt Co., WV 60,865 673 945 —28.8 Bartholomew (14) 
B Fort Hill S.P., OH 480 650 546 +18.9 Braun (15) 
C. Monongahela N.F., WV 656,792 1,353 1,236 +9.4 Clarkson (16) 
D_ Giles Co., VA 92,298 1,026 990 +3.6 Cooperrider and Thorne (17) 
E_ Red River Gorge, KY 1,200 549 606 —9.4 Higgins (18) 
F  Tygart’s Creek, KY 1,490 536 621 —I1357 Huffaker (19) 
G Cumberland Gap, KY-TN 8,202 782 753 +3.8 Pounds et al. (20) 
H Obed W.S.R., TN 4,000 734 695 +5.7 Schmalzer et al. (21) 
I Lilley Cornett Wds., KY 220 516 501 +3.1 Sole et al. (22) 
i] Rock Creek R.N.A., KY 245 580 506 +14.5 Thompson and Jones (23) 
K Savage Gulf, TN 4,000 673 694 —3.1 Wofford et al. (24) 
Western Mesophytic Forest Region 
L Jessamine Gorge, KY 390 560 533 +4.9 Campbell and Meijer (25) 
M_ Bear Creek, TN 325 641 523 +22.5 Carpenter and Chester (26) 
N_ Barnett Woods, TN 16 443, 373 +18.9 Chester (27) 
O Hardin Co., KY 162,911 1,105 1,056 +46 Cranfill (28) 
P Mammoth Cave N.P., KY 20,235 871 834 +4.4 Davies (29) + 
McKinney et al. (30) 
Q Land Between the 68,800 789 958 -17.6 Ellis et al. (31) 
Lakes, KY-TN 
R_ Ballard WIf. M.A., KY 3,389 575 682 =—15.7 Evans et al. (32) 
S  Backusburg Hill, KY i 216 339 —36.3 Fuller (33) 
T | Maywoods Env. Cen., KY 696 407 570 — 28.6 Godbey (34) 
U_ Bernheim Forest, KY 4,050 942 696 +35.4 Gunn (35) 
V_ Shiloh N.M.P., TN 1,498 655 622 +5.4 Jones and White (36) 
W_ Short Mtn., TN 1,214 582 607 —4.] McKinney (37) + 
McKinney et al. (38) 
X Calloway Co., KY 99,460 1,018 999 +19 Woods and Fuller (39) 
standard deviation (n — 1) ib éal 


METHODS 


Species numbers from floras of areas in Ken- 
tucky and contiguous states were used (Table 
1). Selection criteria for these floras were that 
the areas had been relatively well inventoried 
in the Mixed Mesophytic and Western Meso- 
phytic Forest regions of Braun (1). Floras re- 
stricted to small, uncommon habitat types, and 
floras of small, highly disturbed areas were 
excluded. 

Numbers of species and areas (ha) were logy, 
transformed and the species-area curve equa- 
tions for the power function, exponential func- 
tion, logspecies/area, and untransformed mod- 
els were determined by linear and nonlinear 
regression using the SYSTAT statistical pro- 
gram package (10). The “best” equation was 
then used to determine the expected number 
of species for each area. Actual expected dif- 


ferences were determined and expressed as 
percent difference from expected, and a stan- 
dard deviation of percent differences was de- 
termined so that relative species richness of the 
different floras could be compared. 


RESULTS 


Linear regressions of the Mixed Mesophytic 
Forest Region and the Western Mesophytic 
Forest Region data used separately were not 
statistically different, so the two data sets were 
combined. 

The linear regression results of the log-trans- 
formed power function and exponential func- 
tion models had virtually the same coefficient 
of determination (r2), and they were much 
higher than those obtained for the logspecies/ 
area and untransformed models (Table 2). 
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TABLE 2. 
(1). 


Model 


power: logspecies/logarea 
exponential: species/logarea 
logspecies/area 
untransformed 


Nonlinear regression of the power model re- 
sulted in a modestly better r? than the linear 
regression of the log-transformed power mod- 
el. For these advantages, and because it is most 
commonly used by plant ecologists, the power 
function model was selected and results from 
the nonlinear regression are presented. 

The regression formula for the species-area 
curve for Kentucky regional floras is: 


S = 272A°1s 


where, r = 0.895, r? = 0.802, F( 92) = 89.002, 
significant at a = 0.001. The 95% confidence 
interval for the constant is 202.8-341.4 and for 
the slope it is 0.087-0.138. Results are shown 
in Figure 1. Floras and their areas, actual and 
predicted numbers of species, and actual de- 
viations from predicted species numbers are 
given in Table 1. 


DISCUSSION 


Overall, the species-area curve explains 80% 
of the variation in number of species among 
the study areas. The slope (z) of our regression 
line is consistent with the theoretical predic- 
tions for continental areas (9), but it is less than 
the slope in the species-area equation 


S = 47A0251 


derived from the one calculated for the East- 
ern Deciduous Forest by Monk (12). Monk used 
Gray’s Manual of Botany (13) and state floras 
which covered large areas and several floristic 
regions. There were no data points in the 25- 
to 10,000-ha range. These factors inflate the z 
value and lead to large underestimation of spe- 
cies numbers in many areas considered in our 
study. 

As expected, many floras closely match pre- 
dicted species richness; some exceed it, and 
others fall below it. A number of factors can 
contribute to deviations of species richness from 
expected values. Specific factors may be more 
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Results from testing four regression models on floras from the Mixed and Western Mesophytic Forest regions 


Equation r 
= 272.1A18 802 
= 88.7 + 177.5(logA) .T70 
= ] (2815 + 0000005254) 455 
= 687.7 + .001317A 512 


important in producing high or low deviations 
at some area scales than at others. 

High species richness may result from: 
greater than average diversity of environ- 
ments; overlap of several floristic regions; a 
high rate of speciation in an area; or common 
disturbance may have been accompanied by 
introduction of many exotic ruderal species. 
Lower than expected species richness can be 
attributable to: low habitat diversity of an area; 
species data derived from plot sampling; un- 
dercollection of species overall; restricted en- 
vironments with a reduced flora; or floristic 
invasion incomplete after past disturbance. This 
disturbance type may not have been diversity- 
promoting, e.g., intense fire or past surface 
mining with very acidic overburden; or time 
and evolutionary processes have not produced 
the full potential number of species from “seed 
species.” The taxonomic philosophy of the bot- 
anist, whether a “lumper” or a “splitter,” also 
influences the number of species in a flora (6). 

Examination of the “deviation from pre- 
dicted” column of Table 1 shows that some 
floras are much richer than expected from the 
species-area relationship alone. Bernheim For- 
est, Bear Creek, Barnett Woods, and Fort Hill 
State Park have floristic richness greater than 
one standard deviation above the expected. Fort 
Hill State Park has the greatest relative floristic 
richness in the Mixed Mesophytic Forest Re- 
gion, and Bernheim Forest ranks at the top in 
the Western Mesophytic Forest Region. 

Examination of floras on 2 reclaimed or par- 
tially reclaimed surface mines of various ages 
in eastern Kentucky reveals that plant invasion 
and succession over 2 decades have restored 
species richness to 2-5% less than that expected 
in unmined areas of the same size (Table 3). 
Factors that promote species richness on these 
types of old surface mines are: high diversity 
in initially unoccupied habitat niches ranging 
from seasonally or permanently hydric to xe- 
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Fic. 1. The species-area curve and its log,) transformation with floras from the Mixed Mesophytic and Western 
Mesophytic Forest regions of Braun (1). Location codes are defined in Tables 1 and 3. 


ric; wide ranging soil chemical characteristics; Botanists tend to inventory areas with di- 
wide variation in soil depths and topographic verse habitats, unusual environmental condi- 
positions; effects of reclamation plantings; and _ tions (spectacular gorges, cedar glades) or un- 
easy access for propagules from floristically di- | usual disturbance (surface mines). Therefore, 
verse surroundings. the constant “‘c”’ in our equation may be slight- 
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TABLES. Species-area relationships on Kentucky surface mines of varying ages. Location code is the identifier presented 


in Figure 1. 
Percent 
Number Number of deviation 
Area of known predicted from 
Code, location and age (ha) species species! expected Source 
1 Lily (Laurel Co. 18 yrs) 14 350 367 —4.6 Thompson et al. (40) 
2 Log Mountain (Bell 
(Co. 12 and 21 yrs) 14 360 367 —-19 Thompson et al. (41) 


' Using the equation S = 272A°''® 


ly higher than truth for the Mixed and Western 
Mesophytic Forest regions. 

One must use caution when using a species- 
area regression equation to make species rich- 
ness predictions outside the range of areas from 
which that equation was derived. Our equation 
is based upon a range of 7 to 657,000 ha. Based 
upon Williams (5), Preston (9), and the obser- 
vations for Backusburg Hill, we suspect that a 
downward inflection of the curve occurs be- 
tween 1 and 10 ha. Within this lower range, 
our formula should be used with caution, and 
it most certainly will overestimate species rich- 
ness below 1 ha. 

Low actual species richness compared to the 
expected should not be used as the sole index 
of value for any protected or potential natural 
area. Presence of specific species, condition of 
the ecosystem, and location with respect to 
educational and recreational uses also are im- 
portant measures of value. 
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ABSTRACT 


Field work during the summer of 1985 at 79 localities in California north of the Klamath-Sierra Nevada 
mountain rift disclosed terrestrial and fresh-water gastropods at 13 sites only. The fauna in this area is 
depauperate, both in species and in family representation. This zone seems to act as a filter barrier between 
the relatively rich fauna of the southern California Coast Range and Sierra Nevadas and the relatively 
impoverished fauna of the Coast Range and Cascade Mountains of Oregon, Washington, and British Co- 


lumbia. 


INTRODUCTION 


Henderson (1) indicated the marked differ- 
ences between the molluscan faunas north of 
and south of Redding, California. Many of these 
differences, as well as other regional differ- 
ences, have been accounted for in terms of 
regional evolution and extinction associated 
with pluvial activities, vulcanism and wide- 
spread topographic and climatic changes (2). 
Regional centers of gastropod endemism are 
common. For example, Roth (3, 4) presented 
compelling evidence to support the Klamath 
Mountains as a center of land mollusk ende- 
mism, probably because the Klamaths preserve 
vegetation and climatic patterns like those that 
prevailed during later Cenozoic times (5, 6). 

There are probably good geological reasons 
for this. About 140 million years ago, the Klam- 
ath Mountains appear to have been torn away 
and displaced from the northern end of the 
Sierra Nevadas (7, 8). This opened a 96-km 
hiatus to the east for the uplift of the southern 
part of the Cascade Mountains, creating a very 
dry and porous zone between them all. Along 
the coast, the intrusion by tectonic forces of 
Franciscan rocks (9) created the Coast Ranges, 
a relatively narrow province that in many plac- 
es is only a few km wide. The vegetation as- 
sociated with these 2 uplifted areas extends 
into southern Oregon, creating a habitat that 
allows some terrestrial mollusks to extend their 
ranges for short distances along the coast (10). 
Several molluscan ranges, however, branch 
around the head of the Sacramento Valley, one 
following the Coast Ranges, the other passing 
through the Klamaths and thence down the 
western slopes of the Sierra Nevada (4). 

Thus, the curving chain of the Cascade 
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Mountains extends from the broken and dis- 
placed northern end of the Klamaths and Si- 
erras northward. Whether the Sutter Buttes, 
rising from the flat Sacramento Valley floor, 
are part of the Cascades is debatable (7). How- 
ever, there is little doubt that northern Cali- 
fornia’s most recent episode of vulcanism was 
produced by the Cascades. In this area of mas- 
sive deposits of basaltic, rhyolitic and andesitic 
lava, there are few streams because the vol- 
canic rocks are so porous that most surface 
waters soak into the ground rather than run- 
ning off (7), a fact that is graphically obvious 
in the vicinity of Burney Falls and in the area 
of Mount Lassen. 

The northern California Coast Range, com- 
prised principally of Pacific Ocean floor sedi- 
ments, winds along the coast from the Oregon 
border for approximately 180 km, wedged in 
between the sea and the Klamath Mountains. 
These low mountains are heavily covered by 
forests, but their soils are of very poor quality, 
containing large quantities of iron and alu- 
minum oxides (7). This area is poor habitat for 
mollusks. 

The present authors have long been of the 
opinion that the northern Californian environ- 
ment of the Coast and Cascade ranges acts, in 
concert with the very dry, porous soils at the 
southern end of the Cascades north of the Sac- 
ramento Valley, as a sort of filter barrier be- 
tween the relatively depauperate western mol- 
luscan faunas of Oregon, Washington and 
British Columbia and the richer ones south of 
the area in California. We submit that our field 
work in the area in question during the sum- 
mer of 1985 substantiates that idea. This work 
is a continuation of that previously conducted 
(10, 11, 12, 13, 14). 
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COLLECTING SITES AND HABITATS 


In many ways, the summer’s field work in 
1985 was exasperating and frustrating. Be- 
cause of the conditions discussed above, and 
because of scanty rainfall, the lack of limestone 
rocks in the soil, and the acid condition of the 
litter in the evergreen forests, mollusk popu- 
lations were difficult to locate. During the trip, 
we attempted to make collections at 79 sites, 
spending an average of 2 hours at each, mostly 
without success. However, for our stated rea- 
sons, these negative results are of interest and 
importance. The distribution of the sites with 
negative results follow: 4 sites off SR 36 be- 
tween Chester and its junction with SR 89, 
Plumas and Tehama counties, where all ex- 
posed rocks are volcanics; 8 sites along SR 299 
between Bella Vista and SR 89 (southern edge 
of the Cascades), where the terrain is mostly 
very recent and dry volcanics, Shasta County; 
5 sites under redwoods off SR 199 between 
Crescent City, Del Norte County, and Oregon 
border; 5 sites under redwoods in the vicinity 
of Myers Flat, Humboldt County; 6 sites in the 
Coast Range depression (SR 20) between Ukiah 
and Williams, in Mendocino, Lake and Colusa 
counties; 3 sites around Tower Lake (1,706 m 
altitude) in the vicinity of Mt. Shasta and 5 
sites off Tower Lake Road between Mount 
Shasta City and Tower Lake, Siskiyou County; 
5 sites between 1,067 m and 1,700 m on Mt. 
Shasta, Siskiyou County; 3 sites below Castle 
Crags (Klamaths), Shasta County; 2 sites near 
Dunsmuir (pine forest), Siskiyou County; 5 sites 
(porous lava) in the McArthur Burney Falls 
Memorial State Park, Shasta County; 9 sites on 
(from top to bottom) and north, west, and 
northeast of Mt. Lassen, in the national park, 
Shasta and Lassen counties; and, finally, 6 sites 
in the south section of the Mount Lassen Vol- 
canic National Park, Tehama County. 

The sites at which we successfully collected 
mollusks follow. The stations are numbered 
consecutively, and in the annotated list, spec- 
imens are referred by number to the sites where 
they were collected. The figures in parentheses 
represent the number of specimens collected 
in each case. 


1. North shore of Lake Almanor, R7E, T28N, 
$36, Plumas County; under boards on wet 
volcanic soil; 6 July 1985. 
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10. 


TLE. 


12. 


13. 


. Approximately 1.6 km east of Sayler, R5E, 


T6N, $33, SR 299, Trinity County; around 
the trunks of vine maples, in decaying 
leaves, and in a spring seepage; 7 July 1985. 


. At Sayler, R5E, T6N, $34, SR 299; in tend- 


ed and irrigated flower garden and in the 
Trinity River; 7 July 1985. 


. At Jedediah Smith Redwoods State Park, 


R1W, TI7N, (no sections plated), SR 199, 
Del Norte County; under redwoods and 
California laurel (Oregon myrtle); 10 July 
1985. 


. Approximately 1.3 km east of Gasquet, 


R3E, T17N, $35, SR 199, at Panther Flats 
campground (Six Rivers National Forest), 
Del Norte County; beneath bigleaf maples 
in duff; 10 July 1985. 


. Simpson Reed Grove, Del Norte Red- 


woods, Redwoods National Park, RIE, 
TI7N, (no sections plated), SR 199, Del 
Norte County, in ferns and undergrowth 
beneath redwoods; 11 July 1985. 


. At mouth of Fern Canyon (Home Creek), 


Prairie Creek Redwoods State Park, RIE, 
T12N, $25, Humboldt county, beneath 
ferns and moss, vine and bigleaf maples, 
redwoods; 11 July 1985. 


. Near the entrance to Prairie Creek Red- 


woods State Park, RIE, T12N, $35, Hum- 
boldt County, in redwoods duff; 11 July 
1985. 


. Lady Bird Johnson Grove, Redwoods Na- 


tional Park, RIE, T10N, $10, 3.2 km east 
of U.S. Highway 101, near Orick, Hum- 
boldt County; 12 July 1985. 

At Big Tree Roadside, 1.6 km north of 
Prairie Creek Redwoods State Park, U.S. 
Highway 101, RIE, T13N, S18, Humboldt 
County, under redwoods; 12 July 1985. 
Seaside Drive, Redwoods National Park, 
10.5 km north of Prairie Creek Redwoods 
State Park, U.S. Highway 101, RIE, T12N, 
$37, Del Norte County, under redwoods; 
12 July 1985. 

Roadside site, 3.5 km north of Smithe Red- 
woods (no map coordinates available), U.S. 
Highway 101, in oak litter, Mendocino 
County; 14 July 1985. 

In Burney Creek (tributary of Pitt River), 
McArthur-Burney Falls Memorial State 
Park, SR 89, R2E, T36N, S29, Shasta 
County; 18 July 1985. 
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ANNOTATED LIST OF TAXA 


All specimens herein discussed were depos- 
ited in the Eastern Kentucky University Mu- 
seum of Zoology. 


Pleuroceridae 


As stated previously (10), although Burch 
(15) uses the generic epithet Juga for all the 
western U.S. pleurocerids, we follow the des- 
ignations of Goodrich (16 and elsewhere) be- 
cause they are the most familiar to most West 
Coast malacologists. 


Goniobasis (Juga: Calibasis) acutifilosa acu- 
tifilosa (Stearns 1890) 

Collections: 3 (11). 

These slender, dark-colored specimens all 
have very well-developed striae that follow 
the whorls. Although Goodrich (16), re- 
peated by Burch (15), indicated that typical 
G. acutifilosa was known from Shasta and 
Lassen counties in California, the large pop- 
ulation in the Trinity River has character- 
istics that make it closer to this form than 
to any others. This stretch of the river is 
periodically disturbed by gold panning. 

Goniobasis (Juga: Calibasis) acutifilosa pit- 
tensis Henderson, 1935 

Collections: 13 (29). 

Henderson (17) described this subspecies 
based upon 21 specimens from the mouth 
of the Fall River at the Pitt River, and, ac- 
cording to Burch (15), the type locality is 
the only published locality for this form. 
This is the typical Goniobasis of Burney 
Creek below Burney Creek Falls, where the 
stream is literally paved with shells. 


Goniobasis (Juga: Calibasis) orickensis Hen- 
derson 1935 
Originally described from Redwood Creek 
near Orick, California (17), this species was 
considered as of disputable validity by 
Goodrich (16). These slender, dark reddish- 


Collections: 13 (4). 

Although few collections are extant, this 
is the typical Lithoglyphus of the Pitt and 
Fall river drainages. However, collectors 
should exercise care, for L. turbiniformis 
(19) occurs in the same general area. The 
habitat was the cold, swiftly flowing Burney 
Creek, where the snails were so firmly at- 
tached to volcanic rocks they had to be re- 
moved by means of a thin knife blade. 


Lymnaeidae 


Lymnaea (Stagnicola) elodes (Say 1821) 


Collections: 2 (1). 

This species is widely distributed from the 
Canadian Interior Basin (20) throughout 
New England and west to Oregon and Cal- 
ifornia and south to Mexico (15). There are, 
however, few published records for the snail 
in California. The habitat was a heavily 
shaded spring seepage. The slender speci- 
men was pale tan with 8% whorls and ex- 
hibited the following mensurable details 
(mm): length 12.6; greatest diameter 5.0; 
aperature length 5.1; and aperature width 
2.6. 


Lanx alta (Tryon 1865) 


Collections: 13 (5). 

George Tryon (19) described this inter- 
esting ancylid-like snail from the Klamath 
River in California, and nobody seems to 
have collected it elsewhere in the interim 
(15). This doubtless reflects a paucity of col- 
lecting in the area, and the fact that the snail 
is easily overlooked when collecting in tor- 
rential waters. The population in Burney 
creek appears to be a very large one. Our 
high-domed specimens measured (mm) 6.0- 
7.0 in length; 3.5-4.5 in height; and 4.8-5.5 
in diameter. 


Helminthoglyptidae 
As pointed out by Roth (21), the range of 


brown specimens, some of which bear darker 
bands, seem to us to be only a depauperate 
local race of G. acutifilosa. 


Hydrobiidae 


The generic designation follows that of Tay- 
lor (18). 


Lithoglyphus (Fluminicola) seminalis (Hinds 
1842) 


the genus Monadenia extends from southern 
Alaska to central California, mostly west of the 
Cascades with some inland penetrations along 
river valleys, but, as in several other terrestrial 
molluscan groups, also sends branches south- 
ward east and west of the Sacramento Valley. 
Much of this distributional range is occupied 
by 1 species in its various forms, M. fidelis. 
However, several species in the genus have 
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been reported from northern California, most- 
ly where there are surface outcrops of lime- 
stone (22). A number of these species have been 
found in the general region of our study area: 
M. churchi Hanna and Smith 1933 around the 
north end of the Sacramento Valley and some 
sites near the McCloud River and from the 
west slopes of Mount Shasta (Siskiyou County) 
(23); M. troglodytes Hanna and Smith 1933, 
with M. churchi and M. setosa Talmadge 1952 
in the vicinity of Shasta Lake (21); M. calli- 
peplus Berry 1940 (Siskiyou County); M. cha- 
ceana Berry 1940 (Siskiyou County); M. cris- 
tulata Berry 1940 (Siskiyou County); and 
various forms of M. fidelis (23). Although most 
of these sites are in the Klamath Mountain 
Province, we searched diligently without suc- 
cess in the Coast Range and in the Cascades, 
especially on the very dry western slopes of 
Mount Shasta. 


Monadenia fidelis (Gray 1834) 

Collections: 2 (6), 5 (1), 9 (2). 

The specimens from the Trinity River val- 
ley (near Sayler) are straw-colored above 
with a dark-brown revolving band at the 
periphery with a narrow, paler one above 
it, whereas the base is dark brown. The spec- 
imens from the Lady Bird Johnson Red- 
woods are nearly identical. The specimens 
from the vicinity of Gasquet are dark brown 
above and below with a narrow straw-col- 
ored band at the periphery. None of the 
specimens exhibit the constellation of char- 
acteristics found in M. fidelis pronotis Berry 
1931, a local race in the vicinity of Point St. 
George, north of Crescent City, Del Norte 
County (24), although they are like the so- 
called M. fidelis smithiana Berry 1940. 


Polygyridae 


Because of our field experiences in Oregon, 
Washington, and British Columbia to the north 
(10 and elsewhere), we were startled by the 
lack of Triodopsis germana (Gould 1851) in 
our collections made in California. Likewise, 
since we reported Trilobopsis loricata norten- 
sis (Berry 1933) from southern Oregon (10), 
and since the type locality for that snail is in 
Del Norte County, California, we fully ex- 
pected to secure additional specimens in the 
study area reported here. Trilobopsis must be 
scarce and of scattered distribution. Haas (25) 


reported 2 specimens from a redwoods site 
near Hiouchi Bridge. 


Vespericola megasoma (Dall 1928) 

Collections: 2 (10), 4 (1), 6 (3), 7 (8), 10 
(3), 12 (8). 

All the specimens reported here agree 
closely with the characters deliniated for V. 
megasoma (26, 27). Although some of them 
approximate the large sizes seen in V. co- 
lumbiana (Lea 1838) from Oregon and 
Washington (15.5-16.0 mm), none of them 
were as large as the maximum sizes (up to 
20 mm) reported for V. megasoma euthales 
(Berry 1939) from the Klamath River area 
in Del Norte County (27). The latter sub- 
species was listed as threatened by Roth (23). 
Haas (25) reported V. megasoma only from 
Humboldt County. The Klamath Mountains 
appear to be the principal center of Ves- 
pericola diversity (4, 28). 


Haplotrematidae 


We were hopeful of obtaining specimens of 
Haplotrema voyanum (Newcomb 1865), since 
we (10) reported 2 specimens as H. cf keepi 
(Hemphill 1890) from the Coast Range on the 
California-Oregon border on the Oregon side. 
This is an endangered species (29) known from 
Trinity and Shasta counties (23). Our collec- 
tions included 2 species of widespread distri- 
bution. 


Haplotrema vancouverensis (Lea 1839) 

Collections: 4 (1), 5 (1), 7 (6), 9 (2), 10 (3), 
TDF (2) 

The largest species of the genus, H. van- 
couverensis is distributed from coastal Alas- 
ka southward into northwestern California 
(between the Cascade Range and the sea) 
(30). Thus, our records from Mendocino 
County are of interest. Haas (25) reported 
the species from near Hiouchi Bridge and 
Korbel, Humboldt County. 


Haplotrema sportella (Gould 1846) 
Collections: 2 (6), 4 (1), 7 (2), 12 (8). 
Pilsbry’s (30) records for this species in- 

cluded sites in Del Norte, Humboldt and 
Klamath counties only, and Haas (25) found 
the species abundant near Korbel. Ali the 
specimens reported here, except the one from 
Station 4, are more or less typical, including 
the ones from the Smithe Redwoods in Men- 
docino County. All are rather coarsely and 
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evenly rib-striate with spiral striae above and 
below. However, the single specimen from 
the Jedediah Smithe Redwoods State Park 
(Station 4), slightly immature, has relatively 
weak striae and growth lines; it is definitely 
greenish; and it has a nearly flat spire. That 
specimen measured 19.0 mm in diameter 
and 8.0 mm in height. 


Zonitidae 


Zonitoides arboreus (Say 1816) 
Collections: 1 (6). 
Although previously known from Cali- 
fornia, this small amber snail has not been 
recorded from Plumas county (31). 


Limacidae 


Lehmannia valentianus (Ferussac 1823) 

Collections: 3 (2). 

This species, often associated with green- 
houses, has also been reported in California 
from Santa Cruz Island (32); Whittier (near 
Los Angeles) (33); from Sutter and Teham- 
ma counties to Los Angeles and San Ber- 
nardino counties and throughout the Sac- 
ramento and San Joaquin valleys, Catalina 
Island, Crescent City, Del Norte County (34), 
but not from Trinity County. The slug is a 
pest and is of quarantine significance (35). 


Arionidae 


Most of the introduced arionid slugs are ag- 
ricultural pests of considerable economic im- 
portance (35, 37). A number of these are known 
from northern California (34). 


Arion ater (Linnaeus 1758) 

Collections: 7 (1). 

We secured this single specimen for the 
record, although the slug was abundant in 
the dead and decaying vegetation near the 
mouth of the canyon but did not extend very 
far back into the forest. The species is very 
abundant in Oregon adjacent to the Cali- 
fornia border (10). 


Prophysaon andersoni (J. G. Cooper 1872) 

Collections: 2 (1), 3 (1), 8 (4). 

These 3 sites were all quite moist. The 
slug is the most widely distributed member 
of the genus in Oregon (10) and is distrib- 
uted from the vicinity of San Francisco to 
Crescent City, west of the Coast Ranges, and 


is not very adaptable to hot, dry conditions 
(36). Most of the species in the genus Pro- 
physaon are northern in distribution, most 
being markedly adapted to moist, cold con- 
ditions. Some species are found at and above 
timberline. 


Ariolimax columbianus (Gould 1851) 

Collections: 2 (3), 9 (2), 10 (4). 

These huge slugs were very abundant at 
each of these sites. The ones observed at the 
humid site east of Sayler were olivaceus with 
black mottling and with a round, black spot 
at the center of the mantle, whereas the ones 
from the other 2 sites were uniformly im- 
maculate lemon yellow with a dead-white 
foot. These yellow, slender slugs are remi- 
niscent of A. columbianus stramineus 
Hemphill (1891) from coastal California in 
the vicinity of the Salinas Valley and south- 
ward. 


DIsCUSSION 


It seems apparent to the authors that the 
terrestrial and fresh-water gastropod fauna of 
northern California is, notwithstanding the 
aforementioned speciation center in the Klam- 
ath Mountains, a depauperate one. For one 
thing, even in the humid coastal areas, where 
the flora is dominated by redwoods and other 
evergreens, the substrate tends to be acid and 
poor in limestone rocks (7). However, it is the 
massive amounts of surface volcanic rocks 
throughout much of the region, but especially 
in the Sierra-Klamath rift area at the southern 
end of the Cascades that acts as a stringent 
filter barrier between the relatively rich Cal- 
ifornia molluscan fauna south of the region and 
the impoverished fauna north of it. The very 
dry environment east of the Coast Ranges has 
broad expanses that, save for marginal habitats 
immediately adjacent to larger streams that are 
heavily shaded by trees, are essentially without 
gastropods. Even in the protected habitats, the 
fauna is dominated by representatives of a very 
few families, principally polygyrids and hel- 
minthoglyptids. The lack of moisture, vege- 
tation, and calcium-containing rocks, taken in 
concert, severely restricts the expansion of 
molluscan faunas northward or southward, and 
the vast expanse of semi-arid to arid conditions 
on the east interacts with these features to keep 
the fauna depauperate. 
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ABSTRACT 


A comparative study was conducted on the ability of adult tobacco budworm, Heliothis virescens (F.), 
(TBW), to induce transovum transmission of 2 nuclear polyhedrosis viruses (NPV), Baculoviridae, to F, 


progeny arising from mating pairs in which only the male partner was surface-contaminated with a viral 
dust formulation. The viruses compared were the multiply-embedded form of the Autographa californica 
NPV (AcNPV) and the singly embedded Heliothis zea NPV (HzNPV). This study involved both growth- 
chamber and field experimentation on the effects of serial matings and viral persistence on eggs laid on 
tobacco foliage among F, progeny. AcNPV induced greater TBW larval mortality in all experiments. 
Reductions in the per cent of viral-induced mortality were noted for both viruses when serial matings 
occurred between viral-contaminated males mated sequentially with uncontaminated female partners. Like- 
wise, reductions in the percentage of viral-induced mortality among F, progeny occurred for both viruses 
when egg samples were taken on days 1-3 after the initiation of oviposition in both growth chamber and 


field experiments. 


INTRODUCTION 


The tobacco budworm, Heliothis virescens 
(F.), (TBW), is a primary pest of tobacco, cot- 
ton, soybean and certain minor crops in the 
United States. Of all the insecticides applied 
to crops in the United States annually, Pimen- 
tel (1) estimated that nearly one half of them 
are applied to two non-food crops, namely to- 
bacco and cotton. Each year growers are faced 
with the dilemma of treating their crops with 
pesticides or facing economic losses. Usually 
growers turn to the application of chemical 
insecticides to control the TBW and other pest 
species (2). However, the application of these 
chemicals pose risks both to the applicator and 
the environment (1). Moreover, chemical con- 
trol of the TBW is becoming increasingly dif- 
ficult, necessitating more frequent chemical 
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treatments. The human health hazard associ- 
ated with increasing insecticidal treatments as 
a pest becomes more resistant is a well docu- 
mented phenomenon (3, 4, 5) and alternative 
control methods must be found as soon as pos- 
sible so as to minimize this health hazard. 
Currently, newer biologically-based insec- 
ticides are being developed that provide a vi- 
able alternative to chemical control (6). These 
materials such as the Bacillus thuringiensis- 
containing products and certain insect-specific 
baculoviruses could be used for TBW _ sup- 
pression (7). Unfortunately these products, 
when used as microbial insecticides, often do 
not afford tobacco adequate protection be- 
cause of delayed mortality effects and envi- 
ronmental inactivation following application. 
Because the TBW rapidly penetrates into the 
plant following hatch, timing of any foliar in- 
secticide application is critical (7). Likewise, 
the TBW becomes more difficult to control as 
a maturation immunity response occurs (8). 
A novel autodissemination approach to con- 
tol TBW using baculoviruses dispensed by the 
refractive adult is being investigated at the 
University of Kentucky. Autodissemination as 
defined by Ignoffo (9) is the purposeful use of 
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Fic. 1. Scanning electron micrographs of AcNPV polyhedral inclusion bodies (PIBs) on the surface of a tobacco 
budworm, Heliothis virescens, eggs laid by female mated with viral-contaminated male. (A) Note the concentration 
of AcNPV viral dust on the upper hemisphere of the egg, x 130. (B) Closeup of the ACNPV PIBs on the egg chorion 
along a longitudinal ridge of the rosette, x 2,000. 
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insects to spread entomopathogens in the en- 
vironment. This research has demonstrated that 
TBW moths were capable of causing substan- 
tial transovum transmission of baculoviruses to 
F, progeny when one partner of a mating pair 
was surface-contaminated with viral dust (10) 
(Fig. 1). Likewise, previous laboratory studies 
in earlier phases of this project (unpublished 
data) indicated that the ACNPV induced more 
rapid mortality response among early instar 
TBW and that the AcNPV had greater viru- 
lence to the TBW than the HzNPV. Therefore, 
we opted to do direct comparisons of the two 
viruses so as to choose the best candidate virus 
for subsequent field evaluation of the overall 
autodissemination concept. During 1986-1987, 
a progression of laboratory and field experi- 
mentation was conducted to assess the serial 
transmission efficiency of adult moths to pas- 
sage virus and evaluate the persistence of bac- 
uloviruses on eggs laid on tobacco foliage. The 
purpose of this paper is to report the outcome 
of this research as a step toward the field eval- 
uation of the total autodissemination concept 
in simulated commercial tobacco fields. 


MATERIALS AND METHODS 


The laboratory experimentation reported 
herein was conducted on the campus of the 
University of Kentucky, College of Agriculture 
facilities. The field portion was conducted at 
the Spindletop Research Farm, Lexington, KY. 
The HzNPV was originally obtained from a 
sample of the commercially available formu- 
lation, Elear® while the ACNPV was obtained 
as a plaque-purified isolate (6R) from Dr. Ed- 
ward M. Dougherty, USDA-ARS, Beltsville, 
Maryland. Both viruses were increased for ex- 
perimentation in vivo using IV-instar TBW 
hosts inoculated per os according to established 
procedures. Purified virus was formulated with 
walnut shell flour and Shade® as a dust at a 
final concentration of 4.4 x 10!° polyhedral 
inclusion bodies (PIBs)/gram of product. Adult 
TBW used in this study came from a disease- 
free colony maintained in the Insect Pathology 
Laboratory, Department of Entomology, Uni- 
versity of Kentucky. 


Effect of Serial Matings on the 
Transovum Transmission of Virus 


Male TBW moths were contaminated with 
AcNPV or HzNPV dust formulation by plac- 


ing them individually in one pint Fonda® car- 
tons with 1 gram of either of the viral for- 
mulations. Moths were surface-contaminated 
with the respective virus by vigorously shaking 
them for 30 sec. The male was then transferred 
to a mating arena (a fresh Fonda® carton) with 
an uncontaminated virgin female (Female #1). 
Two days later, the male was transferred to 
another arena containing a different virgin fe- 
male (Female #2), and 2 days later the male 
was paired in a third container with Female 
#3 and left for 2 days. Each day the male was 
transferred, the female (#1, #2, or #3) was 
also moved toa fresh oviposition container con- 
sisting of a 18 cm diameter < 40 cm Plexiglas® 
cylinder placed over a potted tobacco plant 
(ca. 30 cm tall) and maintained at 24°C in 
Scherer Model CEL 25-7 growth chambers 
equipped with fluorescent plant growth bulbs 
on a 16:8 light-dark photophase. The tops of 
the cylinders were covered with Saran® film 
to insure near saturated humidity in the cages. 
After oviposition, a 24-egg sample was taken 
from each cage to evaluate transovum trans- 
mission. Eggs were individually transferred on 
1 cm leaf disks punched about the egg from 
the tobacco leaves to 24-well tissue culture 
dishes (1 egg/well) partially filled with syn- 
thetic media (11). These dishes were kept in 
the same environmental chamber and moni- 
tored daily post-eclosion for viral-induced 
mortality among the larvae. Tissue samples of 
dead larvae were subsequently examined by 
light microscopy for the presence of viral in- 
fections and polyhedral inclusion bodies (PIBs). 
There were 5 replicates of 10 mating pairs per 
virus per serially mated female (Females #1- 
3). 
To test the effect of serial mating in the field, 
the same procedure was used except that after 
the male was removed, the female was indi- 
vidually transferred to 48 cm square Saran 
screen- (200 mesh) covered cages placed over 
field grown tobacco plants (Fig. 2). Cages con- 
taining viral-exposed females were separated 
from one another by skipping plants within 
rows and alternating rows. Each plant was used 
only once in the experiment. Females were 
removed from cages after they had laid at least 
24 eggs at which time a 24-egg sample was 
taken. Eggs were handled in tissue culture 
dishes as above and were returned to the lab- 
oratory where they were held at 24°C in the 
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Fic. 2. 


growth chambers for subsequent daily moni- 
toring of viral-induced mortality. Confirma- 
tion of virus-induced mortality was by light 
microscopic examination of dissected tissue. 
This experiment consisted of 6 replicates of 10 
mating pairs per virus per serial mating (Fe- 
males #1, #2, or #8). 


Field plot with oviposition cages for assessment of effects of serial matings on transovum transmission and 
viral persistence of ACNPV and HzNPV against the tobacco budworm, Heliothis virescens, at Spindletop Research 
Farm, Lexington. 


Viral Persistence on Tobacco 


Male moths were contaminated with viral 
dust and placed in 1 pint Fonda® cartons 
with uncontaminated virgin females as pre- 
viously described. Two days later (or when the 
females began to oviposit), the females were 


Mean (+SE) percent viral-induced mortality among TBW F, progeny sampled as eggs from serial matings 


of virus-contaminated males with uncontaminated females. N denotes number of replicates of 10 mating pairs per 


TABLE 1. 
treatment. 
Virus N Female 1 
Growth chamber 
AcNPV 5 12.8: 171 a} 
HzNPV ts) 60.0 + 1.14¢ 
Field 
AcNPV 6 43.0 + 1.4le 
HzNPV 6 85.7 + 1,935 


Female 2 Female 3 
69.4 + 1.50 ab 66.6 + 1.89b 
55.0 + 1.41d 404+ 1.17e 
815 + 120g 20.3 + 1.20h 
16.3 + 1.261 12.7 + 1.58i 


' Means and SEs followed by the same letter are not significantly different at P < 0.05 (repeated measures with polynomial contrasts [SAS Institute, 1989]). 
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TABLE 2. 
oviposition on tobacco plants. 


Virus N 


Mean (+SE) percent viral-induced mortality among TBW F, progeny sampled as eggs on days 1-3 after 


Growth chamber 


AcNPV 5 75.0 + 0.89 a! 

HzNPV 5 68.8 + 159a 
Field 

AcNPV a 46.7 + 138d 

HzNPV 7 35.1 + 1.28 e 


Day 2 Day 3 
7144 12la 710+ 118a 
59.0 + 1.81b 57.4 + 2.42c 
37.0 + 1.33e 34.9 + 144e 
22.7 + 0.99 f 16.9 + 124g 


' Means and SEs followed by the same letter are not significantly different at P < 0.05 (repeated measures with polynomial contrasts [SAS Institute, 1989]) 


transferred to oviposition cylinders containing 
potted tobacco plants. When the females had 
layed at least 75 eggs (usually overnight), the 
females were removed and a 24-egg sample 
taken for bioassay in the 24-well tissue culture 
dishes as previously described. Other 24-egg 
samples were taken each day for 2 additional 
days (days 2 and 3). Viral-induced mortality 
was monitored daily and confirmation was as- 
sessed via light microscopy. This experiment 
consisted of 5 replicates of 10 mating pairs per 
virus per post-ovipositional sampling period 
(days 1-3). 

As with the effect of serial matings, viral 
persistence was also measured in the field. Male 
moths were contaminated with viral dust and 
placed in screened cages (48 cm cubical Saran® 
screen-covered) also containing an uncontam- 
inated female over individual planted tobacco 
plants. The males were removed from the cag- 
es 2 days later or when the female began to 
lay eggs. The female and cage were then moved 
to a fresh tobacco plant so as to avoid influence 
from plant surface contamination and restrict 
the source of virus to that on the females. Fe- 
males were removed after they had oviposited 
at least 75 eggs (usually overnight). Thereafter, 
24-egg samples were taken each day for 3 
consecutive days. Eggs were handled and pro- 
cessed as previously described. This experi- 
ment consisted of 7 replicates of 10 mating 
pairs per virus per post ovipositional sampling 
interval (days 1-3). 

Both of these experiments involved repeated 
measures of individuals. Therefore, in both 
cases, the data were analyzed using a repeated 
measures analysis of variance with polynomial 
contrasts for mean separation. These analyses 
after arcsine transformation were conducted 
using PC-SAS 6.03 (12). 


RESULTS AND DISCUSSION 


Effect of Serial Matings on the Transovum 
Transmission of Virus.—The results of this 
experiment are summarized in Table 1. For 
each female in each environment (growth 
chamber or field), the ACNPV induced signif- 
icantly (P < 0.05) greater mortality in the F, 
than the HzNPV. Both viruses induced greater 
mortality in the growth chamber than in the 
field and, in general, there was a significant 
reduction of mortality rates through serial mat- 
ings (i.e., Female #1 > Female #2 > Female 
#3). 

Examining the means in Table 1 relative to 
each other reveals other differences. The rel- 
ative effect of serial matings for ACNPV in the 
growth chamber was smaller than that for 
HzNPV. That is, the F,; of Female #3 exposed 
to an ACNPV-treated male was 91.5% of that 
for Female #1 (66.6/72.8) while the progeny 
of Female #3 mated with an HzNPV-treated 
male was only 67% that of Female #1. This 
general result held in the field but the relative 
reductions were larger. In this case, ACNPV 
mortality declined 53% (43.0 vs. 20.33) be- 
tween Female #1 and Female #3 while 
HzNPV declined 64% (35.7 vs. 12.7). 

The relative reductions between the growth 
chamber and field, however, were the same 
for both viruses. Mortality of the F, for Female 
#1 exposed to AcNPV in the field was 59% 
that seen in the growth chamber (43.0/72.8)— 
identical to the 59.5% reduction in mortality 
of the HzNPV progeny (60.0/35.7). AcNPV- 
exposed progeny of Female #3 lost 70% of 
their mortality in the field (66.6 vs. 20.33) while 
the HzNPV-exposed progeny of Female #3 
lost 69%. Thus, the differences in the virus- 
induced mortality between the two viruses in 
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the field can be explained by the differences 
in the growth chamber multiplied by some 
factor which is independent of the virus. Be- 
cause the 59% reduction seen for Female #1 
is not much different from the 70% reduction 
for Female #3, this factor is probably inde- 
pendent of the mating order as well. The sug- 
gestion here is that something in the field en- 
vironment, probably UV radiation or high pH 
in dew (13), inactivates both viruses at an equal 
rate. 

The principal result in Table 1, though, is 
that viral-contaminated TBW males were ca- 
pable of contaminating more than 1 female 
with virus if the males underwent multiple 
matings as is commonly noted in field popu- 
lations of TBW. This is consistent with the 
previous report of Hamm and Young (14) who 
noted that Heliothis zea adults could success- 
fully transmit HzNPV in serial mating via 
transovum transmission. Not only can TBW 
males apparently contaminate these females, 
but their progeny will experience significant 
mortality from the virus—even under field 
conditions. 

Viral Persistence on Tobacco.—The results 
of the viral persistence on eggs laid on tobacco 
are shown in Table 2. This table shows that 
AcNP\, in addition to causing higher mortal- 
ity than HzNPV, was also generally more per- 
sistent. In fact, there was no significant loss of 
AcNPV after 3 days in the growth chamber 
and in the field; there was a relatively small 
loss of 25% (34.9/46.7) after 3 days. 

An interesting aspect of Table 2 is the very 
strong similarity with the results in Table 1. 
Although we did not statistically compare these 
2 tables (because they measured different ef- 
fects), the “Day 1” column of Table 2 is vir- 
tually identical to the “Female 1” column of 
Table 1. More importantly, the “Day 3” col- 
umn is very similar to the “Female 2” column. 
Because males were left with females for 2 
days in Table 1, 4 days elapsed between the 
day the male was contaminated and the day 
he was removed from the mating chamber 
containing Female 2. In Table 2, eggs laid on 
Day 3 were actually laid 4 days after the male 
was contaminated. Thus, the same amount of 
time elapsed between male contamination and 
oviposition in each of these columns (“Female 
2” and “Day 3”). We conclude from this ob- 
servation that the serial mating effect of Table 


1 is actually the temporal effect measured in 
Table 2. That is, the effect of serial mating is 
much less important than the mating-inde- 
pendent loss rate of virus over time. Otherwise, 
the “Female 2” column of Table 1 would reflect 
the time dependency plus the mating depend- 
ency and, therefore, should have lower mor- 
talities than the “Day 3” column of Table 2. 

The broader conclusion to be drawn from 
these 2 experiments is that males which have 
been surface contaminated with NPV-impreg- 
nated dust can, under field conditions, transmit 
that virus to the female and thence onto the 
eggs where it kills a significant number of prog- 
eny. Because trapping procedures for males 
are well documented, easy and inexpensive, 
and because this control method does not con- 
flict with other tobacco management practices, 
we believe that this approach to TBW man- 
agement has potential as an alternative to 
chemical control. 


SUMMARY 


The experimentation reported herein was a 
bridge in our attempts to implement the over- 
all autodissemination of baculoviruses for sup- 
pression of the TBW as mediated by a semi- 
ochemial focusing agent. These encouraging 
results led us to expand our efforts at the field 
evaluation of the autodissemination approach 
as a biological alternative to chemical control 
of the primary tobacco pest, the tobacco bud- 
worm. 
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NOTE 


A Proposed New Genus Name Brevinana and Addi- 
tional Data on This Genus (Homoptera: Cicadellidae).— 
The genus name Brevisana was first used by Boulard in 
1972 for a genus of cicadas (Homoptera: Cicadidae) (Bou- 
lard, M. 1972, Bulletin de la Museum Nationale d'Histoire 
Naturelle, Series 3. 90:1173). I used this same name for a 
genus of leafhoppers in 1988 (Freytag, P. H. 1988, Ohio 
J. Sci. 87:33). Therefore, | am proposing the generic name 
Brevinana for the preoccupied name Brevisana. The type 
of this genus is Brevisana rugosa Freytag, 1988. 

Additional adult and immature specimens of B. rugosa 
Freytag were collected in 1988 by Marco A. Gaiani and 
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are in the Museo del Instituto de Zoologia Agricola (MIZA) 
in Maracay, Venezuela. These were collected in both Para- 
mo Cristalina and Paramo Guaramacal, State of Trujillo, 
Venezuela. The type locality was incorrectly stated as Pa- 
ramo Ortiz in the original description, because it was mis- 
identified when the first specimens were collected. The 
correct type locality is Paramo Cristalina. The known hosts 
of Brevinana spp. as well as Minimana spp. are shrubs 
identified as Hypericum brathys and H. caracasanum.— 
Paul H. Freytag, Department of Entomology, University 
of Kentucky, Lexington, Kentucky 40546-0091. 
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Considerable success has been realized in 
dealing with the widespread water pollution 
problems associated with the treatment and 
disposal of sewage that faced the country when 
the environmental movement began in the ear- 
ly 1970s. However, much remains to be done 
in the years ahead. After providing an invest- 
ment of over $55 billion since 1972 to assist 
municipalities to plan, design, and construct 
wastewater treatment and sludge management 
facilities, Congress has now directed the U.S. 
EPA to phase out the construction grants pro- 
gram, and to replace it with a revolving loan 
program to be administered by the States. At 
the same time, wastewater treatment/sludge 
management construction needs to meet the 
year 2008 requirements for small communities 
(less than 10,000 population or flows <1 mgd), 
many which have a very limited ability to pay, 
have been recently estimated to amount to be- 
tween $10-15 billion nation-wide, out of a total 
of $83.5 billion in needs for all sizes of mu- 
nicipalities. While only about 9% of the nearly 
29 billion gpd of wastewater currently treated 
by publicly owned treatment works (POTWs) 
nationwide (in facilities with a total design ca- 
pacity of nearly 38 billion gpd) is handled by 
treatment plants in small communities, these 
facilities represent over 80% of the more than 
15,500 POTWs nation-wide, which service 
about 176 million or 71% of the total U.S. pop- 
ulation. 


BACKGROUND 


The Federal Water Pollution Control Act 
Amendments of 1972 (PL 92-500) were passed 
in response to public pressures to deal with the 
many severe water pollution problems that had 
developed across the country. These and later 
amendments, now collectively referred to as 
the Clean Water Act (CWA), established a 


4] 


strong Federal role in regulating surface water 
quality. The CWA established an ultimate 
“zero discharge” goal, the minimum require- 
ment of “secondary treatment” for sewage 
treatment works regardless of size, and the ob- 
jective of restoring all navigable waters to a 
“fishable and swimmable” condition through 
a combination of water quality-based and ef- 
fluent-based regulation of pollution, including 
a national effluent permits program to be ad- 
ministered by EPA (the National Pollution Dis- 
charge Elimination System—“NPDES”). A 
multi-billion dollar construction grants pro- 
gram was also created to assist municipalities 
with financing the planning, design and con- 
struction of municipal wastewater treatment 
works needed to meet the new discharge re- 
quirements. 

Prior to the passage of PL 92-500, there was 
a much smaller Federal grants program (es- 
tablished in 1956) which provided 30% grants 
limited to $250,000 maximum Federal funds 
for any one project. However, rapid population 
growth, urbanization and industrialization led 
to limited effectiveness by these early water 
pollution control efforts. PL 92-500 not only 
resulted in tighter water quality controls, but 
also authorized $18 billion over 3 years for the 
planning, design and construction of munici- 
pal wastewater treatment works—roughly 9 
times the total provided over the previous 15 
years. Almost any type of municipal waste- 
water treatment construction project qualified 
for 75% Federal funding of eligible costs under 
the program, including wastewater and sludge 
treatment facilities, interceptor and collector 
sewers, storm sewers, control of infiltration and 
inflow, combined sewer overflows, and pur- 
chase of land for land treatment systems. 

CWA legislation passed in 1977 transferred 
partial authority for the administration of the 
construction grants program to the States. Pro- 
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visions were included in the 1977 Amendments 
which set aside grants funds for small com- 
munity projects, allowed waivers to the sec- 
ondary treatment requirements for certain 
communities discharging to marine waters, and 
established the Innovative and Alternative (I/A) 
Technology Program for 3 years in an effort 
to promote the development and use of alter- 
natives to conventional wastewater treatment 
processes. Under the I/A Program provisions, 
communities using I/A technologies were el- 
igible for a 10% bonus in grants (covering 85% 
rather than 75% of eligible project costs) and 
the possibility of grants for up to 100% of the 
cost of modification /replacement (M/R) of I/A 
projects not performing up to design expec- 
tations. An additional $22.5 billion were au- 
thorized for construction grants over 5 years, 
bringing the total program authorization up to 
$40.5 billion since 1972. 

CWA Amendments passed in 1981 in- 
creased State responsibilities in the program, 
and reduced EPA’s role to one of program 
oversight and monitoring. The 1981 Amend- 
ments made the I/A incentives a permanent 
feature of the construction grants program, 
while reducing funding for conventional tech- 
nologies to 55% of eligible costs and adjusting 
funding for I/A technologies to 75%. The new 
amendments also reduced the annual level of 
Federal grant funding, targeted funds to cur- 
rent treatment needs, and restricted the use of 
Federal funds to only projects involving waste- 
water and sludge treatment facilities, new in- 
terceptors, and infiltration and inflow correc- 
tion. Another $5 billion were authorized for 
construction grants over 5 years, bringing the 
total program authorization up to $45.5 billion 
since 1972. 

The Water Quality Act Amendments of 1987 
made major changes to the previous CWA leg- 
islation by addressing such issues as controlling 
nonpoint source pollution, providing adequate 
environmental protection for estuaries, con- 
trolling municipal and industrial stormwater 
discharges, identifying and controlling toxic 
pollutants, and establishing comprehensive 
technical requirements and Federal permits to 
control sewage sludge use and disposal prac- 
tices. In addition, the 1987 Amendments will 
lead to a phase-out of the construction grants 
program by 1990, including the I/A provisions, 
which will be replaced by a revolving loan 
program to be administered by the States (the 


SRF Program). In these CWA Amendments, 
Congress authorized another $18 billion for 
water pollution control through 1994—$9.6 
billion for the construction grants program 
(bringing the total since 1972 to over $55 bil- 
lion) and $4.4 billion in seed money to capi- 
talize the SRF Program. A portion of these 
funds were also made eligible to fund other 
types of water pollution control programs, such 
as those dealing with nonpoint sources and es- 
tuaries. 

Some of the accomplishments realized since 
the passage of PL 92-500 in 1972 have been 
significant and include: 


e the construction grants program has assisted 
in the completion of water quality improve- 
ment projects at over 5,000 sewage treatment 
plants; 

e over 2,700 I/A technology grants (600 in- 
novative and 2,100 alternative) have been 
awarded to date, about 50% of these have 
completed construction and are now in op- 
eration); 

e today more than 15,500 POTWs serve 176 
million people (71% of the total population 
of the U.S.); the population served by sec- 
ondary treatment increased by more than 50 
million people since 1972 (see Attachment 
A); 

e more than 60,000 point source municipal and 
industrial discharges have been issued 
NPDES permits; 

e in spite of substantial population growth and 
industrial development, most water bodies 
have maintained about the same or realized 
improvements in water quality since 1972 
(over 4 times more stream miles have been 
improved than have been degraded). The 
dramatic improvement in the water quality 
of Lake Erie serves as a classic example of 
the results of controlling point and/or non- 
point nutrient sources, although toxics con- 
trol (especially associated with in-place sed- 
iments) remains a problem. 


Clearly, much of the progress made to date 
toward implementation of the CWA goals and 
objectives for POTWs has been accomplished 
through the construction and operation of fa- 
cilities at POTWs servicing populations of 
>10,000 population or flows >1 mgd. The 
focus of most of the CWA programs at both 
the Federal and State levels, including the con- 
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struction grants program, has been on both 
funding the larger facilities and implementing 
the CWA requirements (e.g., issuing permits, 
compliance monitoring and enforcement of 
permit conditions, etc.) at the “major” POTWs. 
Since these larger or “major” facilities repre- 
sent some 92% of then nearly 38 billion gpd 
of wastewater treatment capacity of the exist- 
ing POTWs nationwide, it is understandable 
how addressing their needs and requirements 
has been given priority over those of the small 
communities in many parts of the country (see 
Attachment A). 

However, major changes were created by 
the Water Quality Act Amendments of 1987 
and the Agency’s National Municipal Policy 
which established a 1 July 1988 deadline for 
all POTWs, regardless of size, to meet a min- 
imum of secondary treatment (with only a few 
“legal” exceptions such as the section 301(h) 
waivers for certain marine dischargers) or be 
faced with the establishment of court ordered 
schedules via formal consent decrees. This sit- 
uation has placed many small communities in 
a tough situation—potential Federal funding 
sources have been dramatically reduced while 
the threat of enforcement, including the is- 
suance of court imposed compliance schedules 
and possible fines, has been greatly increased. 
While this situation may appear bleak, it should 
be noted that from 82-88% of the remaining 
approximately $83.5 billion in wastewater 
treatment needs for all sizes of communities 
are for the larger communities as opposed to 
12-18% for the smaller communities, and that 
a continuation of the current Federal construc- 
tion grants program would likely result in a 
majority of the funding continuing to go to the 
larger, more politically powerful communities. 


IMPLICATIONS FOR THE 
SMALL COMMUNITIES 


So where does this leave the small com- 
munities? What options are now open to them 
to realize effective, reliable wastewater treat- 
ment in a cost-effective manner? Clearly if the 
requirements of meeting secondary treatment 
are to be met and enforced, many of the small 
communities will be forced to finance their 
own solutions rather than waiting for Federal 
or State funds to do the job. This should lead 
to a greater investment in the use of low cost, 
“low technology” options for meeting their 
wastewater treatment needs. 


Under the various funding and research pro- 
visions of the CWA, as well as elsewhere, some 
progress in the areas of technology improve- 
ments and assistance has been realized for small 
communities. A variety of attempts have been 
made to force attention on the needs of the 
small communities through the EPA construc- 
tion grants program and under the new SRF 
Program. In at least some cases, States have 
taken full advantage of the “small communi- 
ty” and “I/A” set-asides authorized by the 1977 
CWA Amendments to provide priority fund- 
ing of small community projects. This has re- 
sulted in a large percentage of the more than 
2,700 I/A technology grants being awarded to 
small communities. These grants have includ- 
ed a 10% bonus over grants for projects using 
conventional technologies as well as the pos- 
sibility of 100% modification/replacement (M/ 
R) grants if these projects fail to perform up 
to design expectations. The largest number of 
these grants has been for land application sys- 
tems (including wetlands systems) and other 
low cost, “low technology” generally small 
community-focused alternatives. A variety of 
“innovative” technologies (including wetlands 
treatment systems, on-lot treatment, and al- 
ternative sewer systems), which appear to be 
very promising for application by small com- 
munities, have been or are undergoing field 
testing on a full scale basis and now appear to 
be ready for broader use. In some cases, States 
are focusing their new SRF Programs on pro- 
viding low interest loans to only small com- 
munities; certain states, such as Wisconsin, are 
continuing their own state-funded grants pro- 
grams as well. 

A National Small Flows Clearinghouse 
(NSFC) has been established at the University 
of West Virginia in Morgantown, West Vir- 
ginia (telephone 1-800-624-8301). The NSFC 
provides technical assistance and information 
on a wide variety of wastewater treatment al- 
ternatives applicable to small communities. 
They have also become active in assisting EPA 
in evaluating a number of small community- 
oriented technologies, updating design docu- 
ments, publishing newsletters and hosting 
workshops on small community wastewater 
treatment technologies and financing alter- 
natives, and other outreach activities. 

Along with other agencies, over the years 
EPA has funded research and evaluations of a 
variety of low cost, “low technology” alter- 
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natives appropriate for small communities to 
help develop a better understanding of the 
capabilities of these systems. On-lot treatment 
improvement alternatives (e.g., rapid sand fil- 
ters, mounds), alternative sewers (e.g., small 
diameter pressure sewers with grinder pumps), 
oxidation ditches, sequencing batch reactors, 
ponds, and a variety of land treatment systems 
(e.g., slow rate, rapid infiltration, overland flow) 
and wetland systems (both the use of natural 
and constructed wetlands) have been ad- 
dressed in great detail, including the devel- 
opment of policy and technical guidance, de- 
sign manuals, state-of-the-art conference 
proceedings, etc. (see list of references). 

In spite of the progress made in demonstrat- 
ing the viability of many of the low cost, “low 
technology” alternatives, many local, State, and 
Federal regulatory officials (as well as funding 
sources and consultants) remain skeptical when 
asked to seriously consider the use of such al- 
ternatives in place of more conventional tech- 
nologies. In an effort to help address these and 
other problems, a network of Regional EPA 
and State wastewater treatment (I/A) tech- 
nology coordinators (see Attachment A) has 
been established to help serve as points of con- 
tact within their agencies to help facilitate the 
distribution of information and to foster great- 
er acceptance of these “new technologies.” 

While there have been examples of reluc- 
tance on the part of State and local officials to 
accept some of the “low technology” options 
and for some consultants to recommend them 
to their municipal clients, real progress has 
been made in demonstrating their capabilities 
and reliability. One of these “low technolo- 
gies” which has gained considerable attention 
in recent years has been the use of wetlands 
for wastewater treatment. 


WETLANDS TREATMENT FOR 
SMALL COMMUNITIES 


Over the past few decades, considerable ef- 
fort has been given to the planned use of wet- 
lands for meeting wastewater treatment and 
other water quality objectives. While once re- 
garded as wasted land, it is now clear that they 
provide irreplaceable benefits to man and the 
environment. The functional role of wetlands 
in water quality improvement has been iden- 
tified as a compelling argument for wetland 
preservation and in some cases for their cre- 
ation. A number of studies over the past few 


years have found evidence that wetlands are 
able to provide high levels of wastewater treat- 
ment. Yet, concerns have been expressed re- 
garding the possible harmful effects of the tox- 
ic materials and pathogens in wastewater, and 
the long-term degradation of wetlands due to 
the additional nutrient and hydraulic loadings 
from wastewater discharges. 

Due to these concerns, as well as other fac- 
tors, there has been considerable interest in 
using various types of constructed wetlands for 
wastewater treatment. Constructed wetlands 
are engineered systems that have been de- 
signed and constructed to employ wetland type 
vegetation to assist in treating wastewater in a 
more controlled environment than occurs in 
natural wetlands. Still, both natural and con- 
structed wetlands have been demonstrated as 
having a great potential for use by small com- 
munities in helping to meet their wastewater 
treatment needs. 

Wetlands appear to perform to at least some 
degree all of the biochemical transformations 
of wastewater constituents that take place in 
conventional wastewater treatment plants, in 
septic tanks and their drain fields, and in other 
forms of land treatment. The submerged and 
emergent plants, their associated microorgan- 
isms, and the wetland soils are responsible for 
the majority of the treatment effected by these 
systems (see list of some recent detailed ref- 
erences in Attachment B). 


NUMBER AND TYPES OF WETLAND 
TREATMENT SYSTEMS 


Under appropriate conditions, both natural 
and constructed wetland treatment systems 
have achieved high removal efficiencies for 
BOD, SS (5-day biochemical oxygen demand 
and total suspended solids, respectively), nu- 
trients, heavy metals, trace organic compounds 
as well as natural die-off of pathogens from 
municipal wastewater. More than 25 wetland- 
related municipal wastewater treatment pro- 
jects have been at least partially funded by 
EPA construction grant funds, involving pro- 
jects in essentially all regions of the country 
(see Fig. 1 which depicts the locations of many 
of the wetland-related treatment projects in 
the U.S. and Canada). However, rather than a 
single concept for the involvement of wetlands 
in wastewater treatment, there are a number 
of approaches whereby wastewater and wet- 
lands have been effectively combined as a part 
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of water quality management projects. These 
include: 

Natural Wetlands for Wastewater Disposal.— 
In many areas natural wetlands serve as the 
receiving water for permitted discharges of 
treated wastewater. More than 400 such dis- 
charges exist in the southeastern states alone, 
while there are another 100 or more in the 
Great Lakes states. In addition, much of the 
runoff from both rural and urban areas in many 
parts of the country receives considerable 
“treatment” as it passes through natural wet- 
lands prior to entry into ground water, estu- 
aries, streams and lakes. However, any use of 
natural wetlands for treatment purposes re- 
quires extensive pre-project review to ensure 
that the wetland ecosystem is not unacceptably 
altered. 

Wetland Enhancement, Restoration, or Cre- 
ation.—In the more arid parts of the country 
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Location of some known wetland wastewater treatment projects. 


it is not uncommon for wastewater effluents to 
serve as the water supply used to create, main- 
tain, restore, or enhance wetlands. In some 
cases, wastewater effluent is the sole or major 
water source for valuable wetland habitat (e.g., 
the Mt. View Sanitary District project near 
Martinez, CA, built wetlands as an alternative 
to a deepwater outfall into Suisun Bay; the 
Bitter Lake National Wildlife Refuge near 
Roswell, NM, which depends on the Roswell 
sewage treatment plant effluent as its main 
supply of freshwater; the Apache-Sitgreaves 
National Forest project near Show Low, AZ; 
Jackson County, MS, where reclaimed water 
collected from beneath the county’s land treat- 
ment project is used as the water supply for 
the Mississippi Sandhill Crane Refuge). Con- 
siderable opportunity may exist for treating 
and utilizing wastewater effluents, drainage 
water, runoff, or other sources as a water sup- 
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ply to enhance or restore existing wetlands that 
are stressed due to lack of an adequate water 
supply or other resources. However, some se- 
rious environmental problems have occurred 
in such situations where proper management 
practices were not observed (e.g., the Kesterson 
National Wildlife Refuge in Merced County, 
CA, which received extremely high levels of 
selenium in the agricultural drainage water 
from the western San Joaquin Valley). 
Natural Wetlands for Wastewater Treatment 
or Reclamation.—A number of engineered 
treatment systems in Michigan, Wisconsin, 
Florida, South Carolina, Oregon, and else- 
where effectively utilize the capabilities of nat- 
ural wetlands to provide part of the treatment. 
These systems attempt to achieve wastewater 
treatment in a manner that minimizes ecolog- 
ical disturbance. Typically, the only construc- 
tion activity in the wetland involves the in- 
stallation of a system for applying secondarily 
treated effluent in a dispersed manner and 
monitoring stations. Such systems require pre- 
treatment of the wastewater, and are usually 
used to provide for nutrient removal or high 
level effluent polishing to protect downstream 
water quality (e.g., Houghton Lake, MI; Reedy 
Creek Util. Dist. at Disney World, FL; Grand 
Strand, SC). 

Constructed Wetlands for Wastewater Treat- 
ment.—The use of constructed treatment sys- 
tems involving wetland vegetation for treating 
municipal and industrial wastewater, urban 
stormwater, agricultural wastes and runoff, acid 
mine drainage, leachates and other sources of 
contaminated water shows great promise, in 
part due to a greater opportunity for process 
control and less chance for causing adverse 
environmental effects. In some cases wetland 
systems have been built and operated to treat 
high loadings of high strength wastewater in 
as small an area as possible (e.g., Santee and 
Gustine, CA; Collins, MS; Benton, KY; Listo- 
well, Ontario). In other cases such systems have 
been built to simulate natural wetlands, re- 
ceiving relatively low loadings of pretreated 
effluents for further polishing while enhancing 
wildlife habitat and other wetland values (e.g., 
Arcata, CA; Incline Village, NV; Lakeland, FL). 


NATURAL WETLANDS 


EPA regulates wastewater discharges to those 
natural wetlands which are considered waters 
of the United States through the NPDES per- 


mit program. As a result, the use of natural 
wetlands treatment systems is limited to pro- 
viding further treatment of “secondary efflu- 
ent’ to meet downstream water-quality stan- 
dards. Any applicable State water quality 
standards to protect the wetland itself must be 
met near the point of discharge to the wetland. 
In the current absence of separate water-qual- 
ity criteria or State water quality standards for 
wetlands (in most states), EPA considers a con- 
servative case-by-case approach, often com- 
bined with pilot testing, to be most appropriate 
for evaluating the use of natural wetlands for 
municipal wastewater discharge or treatment. 

Usually the objective of a natural wetland 
as a part of a municipal wastewater treatment 
system is to reduce the concentration of BOD, 
SS, and/or nutrients such as nitrogen and phos- 
phorus in secondary effluent. Most natural wet- 
lands can effectively remove or transform BOD, 
SS, and nitrogen from secondary effluents. 
However, the phosphorus removal capability 
varies among individual wetlands and depends 
largely on site-specific factors, especially soil 
type. 

Other pollutants of concern in secondary ef- 
fluent may also be removed in a natural wet- 
land. Removal and die-off rates of pathogens 
from wastewater discharged into wetlands have 
been reported as very high in some places, but 
highly variable in others. However, the vari- 
able numbers of coliform bacteria and sal- 
monella (which are routinely used as indicators 
of human pathogens but are also produced by 
wildlife) greatly complicate monitoring for hu- 
man pathogens in wetlands which receive 
wastewater discharges. The levels of many of 
the inorganic and organic compounds present 
in wastewater are greatly reduced as they pass 
through wetlands. At least initially, heavy met- 
als appear to be mainly removed by sorption 
to wetland soils and sediments, although long- 
term studies have not been conducted to de- 
termine exactly how they are cycled or lost. It 
appears that many of the organic compounds 
that are removed by wetlands are degraded 
by microbial activity associated with the wet- 
lands soil, sediment and vegetation. 

While it appears that many wetlands have 
some capacity for improving water quality of 
wastewater, runoff, or industrial discharges, 
some wetlands are clearly not appropriate for 
continuous day-in/day-out use as a part of a 
wastewater disposal or treatment system. The 
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potential for altering the biotic communities 
of natural wetlands when including them in 
wastewater management is of great concern to 
EPA and groups interested in preserving ex- 
isting wetlands. Proposed physical modifica- 
tion of a natural wetland to allow wastewater 
application requires a permit from the Army 
Corps of Engineers (under section 404 of the 
CWA) and review under the National Envi- 
ronmental Policy Act. 

The major costs and energy requirements 
associated with a natural wetlands treatment 
system are involved with preapplication treat- 
ment, land costs, minor earthwork, and the 
wastewater distribution system. In addition to 
the need for monitoring to assure the main- 
tenance of the wetland biota, operational prob- 
lems which may need to be considered include 
a potential for increased breeding of mosquitos 
or flies, odor development, and maintenance 
of any flow control structures. 

As a result, natural wetlands should be 
viewed as protected water bodies and that, in 
the absence of separate water quality criteria 
or State water quality standards for wetlands, 
it is not possible to broadly identify conditions 
where they can be safely regarded as a part of 
the “treatment system.” Therefore, the Agen- 
cy continues to review requests for treatment 
systems involving discharges (treated to sec- 
ondary or equivalent to secondary levels) to 
natural wetlands using a conservative, case-by- 
case approach. EPA’s Region IV (in Atlanta) 
has prepared a Freshwater Wetlands for Waste- 
water Management Handbook (EPA 904/9- 
85-135) which provides guidance for such case- 
by-case evaluations. 


CONSTRUCTED WETLANDS 


The use of constructed wetlands for waste- 
water treatment seeks to take advantage of 
many of the same principles that apply in a 
natural system, but does so within a more con- 
trolled environment. A number of these sys- 
tems have been created expressly for the pur- 
pose of providing wastewater treatment, while 
others have been implemented with multiple- 
use objectives in mind, such as using treated 
wastewater effluent as a water source for the 
creation and restoration of marshes for wildlife 
use and environmental enhancement. 

Constructed wetland treatment systems can 
be established almost anywhere, including on 


lands with limited alternative uses. This can 
be done relatively simply where wastewater 
treatment is the only function sought. They 
can be built in natural settings, or they may 
entail extensive earthmoving, construction of 
impermeable barriers, or building of contain- 
ment such as tanks or trenches. Wetland veg- 
etation has been established and maintained 
on substrates ranging from gravel or mine spoils 
to clay or peat as surface flow or submerged 
bed (subsurface flow) systems. Some systems 
are set up to recharge at least a portion of the 
treated wastewater to underlying ground wa- 
ter. Others act as flow-through systems, dis- 
charging the final effluent to surface waters. A 
few of the constructed wetland systems even 
involve recirculation systems to help optimize 
treatment performance. 

Constructed wetlands have diverse appli- 
cations and are found across the country and 
around the world. They can be designed to 
accomplish a variety of treatment objectives. 
The influent to various constructed wetlands 
treatment systems ranges from raw wastewater 
to secondary effluent. 

The advantages of constructed wetlands are 
many, and include: flexibility in site location; 
optimized size for anticipated waste load; po- 
tential to treat more wastewater in a smaller 
area than is possible with natural wetlands; less 
rigorous preapplication treatment; and no al- 
teration of natural wetlands. Concurrently, 
there are some disadvantages to using con- 
structed wetlands for treatment relative to nat- 
ural systems. The cost and availability of suit- 
able land and the construction costs for grading 
the site are added expenses. In addition, the 
sites are unavailable for use in treatment dur- 
ing the construction period, and reduced per- 
formance can generally be expected during the 
period in which the vegetation becomes estab- 
lished. Other possible constraints are the costs 
of plant biomass harvesting and disposal, if 
required, and the fact that artificial wetlands, 
like their natural counterparts, provide breed- 
ing habitat for nuisance insects or disease vec- 
tors, and may generate odors. When toxics are 
a significant component of the municipal 
wastewater to be treated, adequate pretreat- 
ment should be provided to avoid problems of 
bioaccumulation in wildlife (particularly wa- 
terfowl) attracted to the site. 

EPA encourages the use of constructed wet- 
land systems through the I/A technology pro- 
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visions of the construction grants program. 
Constructed wetland treatment systems can of- 
ten be an environmentally acceptable, cost- 
effective treatment option, particularly for 
small communities. This technology also has 
the advantage of expanding wetland-type hab- 
itats, although these systems rarely achieve the 
same level of biological complexity as natural 
wetlands systems, and their ecological values 
are correspondingly less than for natural sys- 
tems. 

In general, current EPA regulatory and con- 
struction grants policies create fewer problems 
for consideration of constructed wetlands as a 
treatment option. In those cases where the con- 
structed wetlands systems are designed, built 
and operated for the purpose of wastewater 
treatment, the constructed wetlands treatment 
systems are not considered waters of the U.S. 
(40 CFR Part 122.2). As a result, some con- 
structed wetland systems are currently being 
used to treat primary effluents to meet sec- 
ondary or advanced treatment requirements 
in a number of locations across the country. 
Operational controls can be designed to closely 
regulate flow, application rates, and detention 
time to meet desired seasonal variations in op- 
eration and treatment needs. Plant species can 
be selected and used on various bases, such as 
nutrient uptake efficiency, ease of culturing or 
harvesting, value as biomass, adaptability, etc. 


CONSTRUCTION GRANTS 
ELIGIBILITY AND OTHER 
EPA ACTIONS 


As with other land-treatment systems, land 
purchases for constructed wetland treatment 
systems are clearly eligible for funding under 
the construction grants program. The eligibil- 
ity of natural wetlands for funding, however, 
remains a more complicated issue due to the 
case-by-case approach which is necessary in 
determining eligibility. Still, under certain 
limited circumstances natural wetlands may 
be considered eligible for grant funding. Such 
projects must involve the wetlands in meeting 
more stringent downstream water quality re- 
quirements, and must be found to be both cost- 
effective and environmentally sound. In ad- 
dition, the facility must have a current NPDES 
permit that reflects minimum treatment tech- 
nology and State water quality requirements 


into and out of the wetlands. As noted above, 
these proposals must be reviewed on a case- 
by-case basis and may require a section 404 
permit. 

EPA is undertaking a number of actions 
which may help resolve the questions regard- 
ing the extent to which natural wetlands may 
be used to help treat municipal wastewater. 
The most important of these is EPA’s explo- 
ration of water-quality criteria for wetlands. 
The first step is to examine the current sci- 
entific data and possible approaches to fill-in 
the missing information. A key component to 
developing appropriate criteria is additional 
information on the response of wetland eco- 
systems to various types and rates of discharg- 
es. In addition, EPA will encourage and (when 
funds are available) participate in monitoring 
wetlands (including current wetland waste- 
water treatment sites) to determine the fate of 
toxics and their impact on wildlife using the 
system, and to evaluate the differences in eco- 
logical functions of constructed wetlands vs. 
natural wetlands. Currently, use of construct- 
ed, rather than natural, wetlands is generally 
preferred by EPA when projects for waste- 
water treatment are proposed. 


CONCLUSIONS 


Clearly the use of wetlands, both natural and 
constructed, for wastewater treatment and re- 
use has been demonstrated as a viable alter- 
native when proper project siting, design and 
management practices are followed. While not 
a panacea, wetland technologies for municipal 
wastewater treatment and reuse appear to of- 
fer an attractive, cost-saving alternative for 
many small communities. 


Attachment A 
Status and Needs of POTWs in the U.S. (1988) 


~15,591 operating POTWs are currently serving 176 mil- 
lion (71% of total U.S. population) 

~ 1,783 additional POTWs are needed to serve 248 million 
(87% of total U.S. population) 


8,536 at secondary treatment (3.14%) 

3,412 at secondary + advanced treatment (26.5%) 

1,789 at less than secondary treatment (10.7%) 

~117 raw discharges (NOT CONSIDERED TREAT- 
MENT WORKS) 

1,854 nondischarging facilities (2.4%) 


$67.9 B needed for all categories of needs of ’86 population 
$83.5 B needed for 2005 year needs (all categories) 


SEWAGE TREATMENT IN SMALL COMMUNITIES—Bastian 49 


1988 Facilities in Operation 
Flow capacity 


No. 

Size range POTWs (%) MGD (%) 
0.01-1.00 MGD 12,572 80.6 2,566 8.9 
1.01-10.0 MGD 2,427 15.6 TLS: 25.0 
10+ MGD 446 2.9 18,992 66.1 
Other* 146 

Totals 15,591 28,677 


* Flow data were unavailable for these facilities. 


Additional Facilities Needed to Meet Current Needs 


No. 

Size range POTWs (%) MGD (%) 
0.01-1.00 MGD 606 328 344 2.2 
1.01-10.0 MGD 949 «51.8 3,357 21.6 
10+ MGD 293 15.8 11,813 76.1 

Totals 1,848 15,514 


ATTACHMENT B 


SoME RECENT DETAILED 
TECHNICAL REFERENCES 
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THE SEVENTY-SIXTH ANNUAL BUSINESS MEETING 
OF THE KENTUCKY ACADEMY OF SCIENCE 


Northern Kentucky University 
9-10 November 1990 


MINUTES OF THE ANNUAL MEETING 


The meeting was called to order by the President, Debra 
K. Pearce, at 10:05 a.m. 

The Secretary, Varley E. Wiedeman, reported that there 
were seven mailings this year consisting of two issues of 
the Transactions, three issues of the Newsletter, the an- 
nouncement and registration forms for the Annual Meet- 
ing, and the ballots. He also requested that items for future 
newsletters be sent, especially with photographs. 

The Treasurer, Paul Freytag, presented the following 
report: 


TREASURER S REPORT 


Kentucky Academy of Science 

10 November 1990 
Starting Balance (1 January 1990) 
Income (on page 2) +46,039.00 
Expenses (on page 3) —34,848.37 


$47,153.73 


Ending Balance (as of 7 November 1990)... $58,344.36 
Income—1990 
(as of 7 November 1990) 
Membership Dues... $11,128.00 
Active (620)... $ 9,300.00 
Family (26.5). 525.00 
Student (64)... 448.00 
Wife, (57) 855.00 
Institutional Memberships. 4,550.00 
Corporate Memberships. 8,555.00 
Library Subscriptions 1,988.40 
Page Charges 3,010.00 
Abstracts (1989) 105.00 
Annual Meeting (1989) 0. ceccssccsssecssscseseeeeneee 1,245.00 
Interest Income 
1,697.12 
te 1,193.68 
Griffith Memorial Trust. 255.01 
Endowment Gifts 130.00 
Workshops 
Animal Care .. 2,338.79 
Wetlands 3,202.00 
Annual Meeting 
Exhibits ... 1,850.00 
Banquet .. 1,770.00 
Preregistration .. 3,026.00 
Totals $46,044.00 
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Expenses—1990 
(as of 7 November 1990) 


KAS 22 ee $ 2,000.00 
KJAS-AAAS (1989)... 500.00 
NAAS dues 80.00 
Printing 
Transactions 17,879.15 
1,813.03 
Other22: 21s Jie Die a 3,301.99 
Mailing, Telephone, ete. ........ $ 2,250.94 
Professional Services (CPA).. 645.00 
Annual Meeting (1989) 275.00 
Transfer to Endowment Fund. 130.00 
Griffith Awards... 0.00 
Computer Supplies and Equipment... 4,266.42 
Refunds 160.00 
1,489.31 
$34,790.84 


Kentucky Academy of Science Foundation 
Endowment Fund—1990 


Starting Balance (1 January 1990)... $17,290.95 
Life Memberships (57).........._ $14,250.00 
Endowment 3,040.95 

I Ge (ato) 9 (= Povenveduvte pees 7S OP pees eern TT ereop cen, eee +1,458.97 
Transfer from KAS (Gifts)... 130.00 
Direct Gifts to Endowment. 150.00 
Life Memberships (1)... 250.00 
Interest 

Bank Account.. 346.01 
CD... 

Expenses — 855.00 

Transfer to KAS for 
Life Memberships _........ 855.00 
Ending Balance (as of 5 November 1990)... $17,894.92 


Kentucky Academy of Science Foundation 
Botany Fund—1990 
Starting Balance (1 January 1990) $14,729.92 
(Principal—$13,191.34; Interest—$1,538.58) 


16 Cox 0) 1 - aRnesane D  oeP  P ee E + 807.25 
Interest 
Bank Account... $ 224.29 
582.96 
Expenses —318.00 
Jeffrey Grubbs neces $ 318.00 
Ending Balance (as of 5 November 1990)... $15,219.17 
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Marcia Athey Fund 
1990 
Starting Balance (1 January 1990) 0000002... $57,930.66 
(Principal—$53,771.75; Interest—$4, 158.91) 


TWA COMME 2222. 2oe ccssecsaeteee hse teeneed Mn ede siecnceae eases +3,360.71 
Interest 
Bank Account... $ 436.05 
CG) B ce ea ae 2,924.66 
EX POM SCS se ccc ar Nara teens 0,00 
Ending Balance (as of 7 November 1990)... $61,291.37 


He then added that 422 had registered for the Annual 
Meeting, that 818 individuals had paid memberships in 
1990 and that dues notices for 1991 would be sent in early 
December. The cost for the two issues (Numbers 1/2 and 
3/4) of Volume 51 of the Transactions was $9.85. This 
left $5.15 from each individual membership for other op- 
erations of the Academy. 

The Executive Secretary, J. G. Rodriguez, reported that 
the Board of Directors had authorized the hiring of a part 
time secretary to establish the beginnings of a permanent 
headquarters for the Academy. She will be assuming rec- 
ord keeping and other duties now done by the Treasurer 
and Secretary. Those offices will continue to function more 
in the role of what association officers normally do. 

He also reported that during this year nine workshops 
on animal use in the classroom had been held throughout 
the Commonwealth. Funds for this project had been pro- 
vided from the Council on Higher Education for use by 
the Academy. 

A symposium on constructed wetlands that was cospon- 
sored by the Cabinet on Environmental Resources was 
quite successful. 

The Executive Secretary is also exploring the possibility 
of a Kentucky Academy of Science mentor program re- 
lating to women in science. It is planned to ultimately have 
a booklet with profile, picture, and background informa- 
tion of the women in science in Kentucky. 

The Academy is searching for a headquarters location 
in the Lexington area. A visible location that will benefit 
both the Academy and any associated organization. 

Blaine Early, President-elect, reported that the program 
for the Annual Meeting consisted of 327 oral and poster 
presentations. He apologized for not having the programs 
for the meeting available in time for mailing to registered 
participants and said that deadlines will be more important 
next fall. He thanked all section officers for their coop- 
eration. 

Branley Branson presented the following report from 
the Publications Committee: 


Eprtor’s Report 1990 


This past year has gone relatively smoothly for the ed- 
itor, notwithstanding usual myriad small needling prob- 
lems normally associated with this job. Volume 51(1-2) 
included 120 pages: 12 feature-length articles, one Forum 
paper, Academy Affairs, Annual Program, committee as- 


signments, abstracts of some papers presented at the an- 
nual meeting, distinguished scientist and outstanding 
teacher awards, and news and comments. Volume 51(3- 
4) included 82 pages: 9 feature-length articles, one forum 
paper, 2 notes, news and comments, Academy affairs, and 
the annual index. A break-down of the subject matter for 
feature-length articles and notes reveals the following: 
mathematics, 1; meteorology, 1; limnology, 2; botany, 6; 
microbiology, 2; chemistry, 1; geography, 1; entomology, 
4; and zoology, 5. Thus, Volume 51 had a better mix of 
science subdivisions than many of the recent issues. How- 
ever, there continues to be an ongoing demand for physical 
science papers. I would be particularly receptive to papers 
from some of our newest affiliates, such as engineering. 

PAGE CHARGES: Some authors are always very tardy 
in paying page charges. Therefore, the editor will no long- 
er accept papers from members who owe page charges 
that date back as much as numbers 1--2 of a previous year. 

SPACING: Allen Press will no longer typeset single- 
spaced copy for the same price as double-spaced copy. It 
will now cost us twice as much to get single-spaced copy 
typeset. Thus, the editor requests that all copy, including 
programs, abstracts of papers presented, Academy affairs, 
documents pertaining to the Junior Academy of Science, 
distinguished scientists, and outstanding teachers, all be 
carefully double-spaced. 

PRODUCTION-COST SAVINGS: Allen Press, al- 
though assessing revision charges by the line, has recently 
revised its method of counting revision materials. They 
have adopted a method of “Chargeable Revisions” based 
upon revisions by authors and editors, In general, this will 
result in the Academy being charged for about 30% fewer 
revisions, a substantial savings. 

CALL FOR PAPERS: Volume 52(1-2) is now closed for 
submissions. However, 52(3-4) needs papers for all areas. 
If you have manuscripts ready, or nearly ready, this would 
be an excellent time to submit them. The editor will have 
plenty of time to get these articles through the review 
process, which incorporates many out-of-state reviewers. 
He also noted that he needs papers from the physical 
sciences—math, chemistry, physics and engineering. He 
pleaded for authors to pay their page charges in a more 
timely manner. 

Larry Giesmann, as chair of the Nomination, Elections, 
and Resolutions Committee, reported that 224 ballots were 
returned and that the results are as follows: Charles N. 
Boehms was elected as Vice-president, Peter Armendarez 
as Secretary-elect, David R. Hartman as Treasurer, and 
James E. Gotsick was elected to a three year term on the 
Governing Board. The Constitutional amendment to add 
the Secretary, and Past, Present, and Future Local Ar- 
rangements Chairs to the Program Committee was ap- 
proved. The Constitutional amendment to change the name 
of the Committee on Legislation to Committee on Science 
and Government and change the charge of the committee 
to read: To look after matters having to do with the com- 
mon interests of (an potentially cooperative ventures be- 
tween) the Kentucky Academy of Science and all branches 
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of State government. It should encompass such mutual 
interests as: Harnessing science and technology to econom- 
ic development, support for the infrastructure of science 
and technology in Kentucky, and involvement of the Acad- 
emy in improving science education. The Constitutional 
amendment to remove the Audit Committee from the list 
of standing committee was also approved. 

The following resolution was also approved by the vot- 
ing membership 


AAAS RESOLUTION OF THE USE OF ANIMALS IN 
RESEARCH, TESTING, AND EDUCATION 


Whereas, society as a whole, and the scientific com- 
munity in particular, supports and encourages research 
that will improve the well-being of humans and animals, 
and that will lead to the cure or prevention of disease; and 


Whereas, the use of animals has been and continues to 
be essential not only in applied research with direct clinical 
applications in humans and animals, but also in research 
that furthers the understanding of biological processes; and 


Whereas, the American Association for the Advance- 
ment of Science supports appropriate regulations and ad- 
equate funding to promote the welfare of animals in lab- 
oratory or field situations and deplores any violations of 
those regulations; and 


Whereas, the American Association for the Advance- 
ment of Science deplores harassment of scientists and tech- 
nical personnel engaged in animal research, as well as 
destruction of animal laboratory facilities; and 


Whereas, in order to protect the public, both consumer 
and medical products must be tested for safety, and such 
testing may in some cases require the use of animals; and 


Whereas, the American Association for the Advance- 
ment of Science has long acknowledged the importance 
and endorsed the use of animal experimentation in pro- 
moting human animal welfare and in advancing scientific 
knowledge; 

Be it Resolved: that the American Association for the 
Advancement of Science continues to support the use of 
animals in scientific research, and 


Be it Further Resolved: that scientists bear several re- 
sponsibilities for the conduct of research with animals: (1) 
to treat their subjects with proper care and sensitivity to 
their pain and discomfort, consistent with the require- 
ments of the particular study and research objectives; (2) 
to be informed about and adhere to relevant laws and 
regulations pertaining to animal research; and (3) to com- 
municate respect for animal subjects to employees, stu- 
dents, and colleagues; and 


Be it Further Resolved: that the development and use 
of complementary or alternative research or testing meth- 
odologies, such as computer models, tissue, or cell cultures, 
be encouraged where applicable and efficacious; and 


Be it Further Resolved: that the use of animals by stu- 
dents can be an important component of science education 


as long as it is supervised by teachers who are properly 
trained in the welfare and use of animals in the laboratory 
or field settings and is conducted by institutions capable 
of providing proper oversight; and 


Be it Further Resolved: that scientists support the efforts 
to improve animal welfare that do not include policies or 
regulations that would compromise scientific research. 


In addition the following resolutions were presented by 
Larry Giesmann and seconded by the committee: 


SPECIAL RESOLUTION: NORTHERN KENTUCKY 
UNIVERSITY COMMENDATION 


Whereas, the Kentucky Academy of Science, a profes- 
sional society of over 900 scientists from across the Com- 
monwealth of Kentucky and the United States, is vitally 
interested in the encouragement of research, the promo- 
tion of the diffusion of scientific knowledge, and the uni- 
fication of scientific knowledge, and 


Whereas, Northern Kentucky University, the newest 
institution of higher education in the Commonwealth, hay- 
ing excellent programs of study and research with dedi- 
cated and highly qualified faculty and staff, has graciously 
and expertly hosted the Seventy-Sixth Annual Meeting of 
the Academy 


Therefore be it Resolved: that the Kentucky Academy 
of Science expresses its appreciation and gratitude to Pres- 
ident Leon E. Boothe, members of the Host Committee, 
and members of the Northern Kentucky University com- 
munity at-large who have worked so diligently and effec- 
tively to make this meeting a success. 


SPECIAL RESOLUTION: COMMENDATION FOR 
SERVICES TO THE ACADEMY BY 
PauL H. FREYTAG 


Whereas, Paul H. Freytag has faithfully and tirelessly 
served as Treasurer of the Kentucky Academy of Science 
for three years by organizing financial records, supervising 
investments of the Academy’s funds, diligently collecting 
and disbursing monies in a timely fashion, and acting as 
a good steward of the Academy’s financial resources, 


Therefore be it Resolved: that the Kentucky Academy 
of Science expresses its sincere appreciation and gratitude 
to Paul H. Freytag for his significant efforts in making the 
Kentucky Academy of Science a viable force in the Com- 
monwealth of Kentucky. 


SPECIAL RESOLUTION: COMMENDATION FOR 
SERVICE TO THE ACADEMY BY 
VARLEY E. WIEDEMAN 


Whereas, Varley E. Wiedeman has faithfully and tire- 
lessly served as Secretary of the Kentucky Academy of 
Science for three years by keeping records of the pro- 
ceedings of the Academy, assisting the President and other 
members in attending to the business affairs of the Acad- 
emy, and carrying out his responsibilities for preparation, 
printing, and mailing of all Newsletters, forms, and an- 
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nouncements of Academy activities in an extremely pro- 
fessional manner, 


Therefore be it Resolved: that the Kentucky Academy 
of Science expresses its sincere appreciation and gratitude 
to Varley E. Wiedeman for his significant efforts in making 
the Kentucky Academy of Science a viable force in the 
Commonwealth of Kentucky. 


SPECIAL RESOLUTION: COMMENDATION FOR 
SERVICE TO THE ACADEMY BY 
Desra K. PEARCE 


Whereas, the Officers, members of the Governing Board, 
and members of the Committees of the Kentucky Acad- 
emy of Science have labored diligently and long through- 
out 1990 to achieve the goals of the Academy, and 


Whereas, Debra K. Pearce, as President of the Kentucky 
Academy of Science in 1990, has served the Academy with 
particular distinction, providing creative and resourceful 
leadership, and selflessly contributed her time and talents 
to guide the Academy’s progress, 


Therefore be it Resolved: that the members of the Acad- 
emy express their gratitude to President Pearce and all 
others holding leadership positions for a job well done. 


SPECIAL RESOLUTION V: COMMENDATION FOR 
SERVICE TO THE ACADEMY BY 
Joe E. WINSTEAD AND 
Marcus T. McELLISTREM 


Whereas, the University of Kentucky was the site of the 
creation and original meeting of the Kentucky Academy 
of Science in 1914, and 


Whereas, Joe E. Winstead and Marcus T. McEllistrem 
volunteered their time and energy to acquire and place a 
commemorative marker in front of the Chemistry-Physics 
Building on the campus of the University of Kentucky 
during the Diamond Anniversary meeting in 1989, 


Therefore be it Resolved: that the Kentucky Academy 
of Science express its sincere appreciation and gratitude 
to Joe E. Winstead and Marcus T. McEllistrem for their 
efforts. 


Charles Kupchella, of the Legislative Committee (now 
called the Committee on Science and Government), pre- 
sented the following written report: 

Early in the year it was proposed by the chair that the 
work of the committee be focused on all aspects of the 
relationship between science and state government, rather 
than on legislation only. Reflecting input from committee 
members, President Pearce and others, a proposal was 
eventually made by the Chair to make a formal change 
in the name and job description of this committee. 

It was also suggested by the chair that the main work 
of the committee for the year be coincident with the in- 
volvement of several members of the committee in the 
Kentucky Science and Technology Council and in the 
State's EPSCOR Program. 

EPSCOR—As our initial EPSCOR program involving 


some 15 component projects and a summer visiting schol- 
ars program comes to a close, it has become very clear 
that the program successfully accomplished its objectives. 
Kentucky's EPSCOR Program is generally regarded as one 
of the most successful such programs nationally. Annual 
external funding received by EPSCOR target faculty in- 
creased by more than 100% from 1985 to 1989. The num- 
ber of faculty receiving external support increased from 
20 in 1985 to 36 in 1989. There are other positive indicators 
of success as well; these are detailed in the annual reports 
on the Program. 

In the past year, the EPSCOR Program took on several 
additional dimensions. A new EPSCOR program was un- 
der development—this to span a 3-year period beginning 
with FY 1992. More than 60 project proposals were sub- 
mitted for consideration for inclusion in a proposal to be 
submitted to NSF in January of 1991. Mail reviews, re- 
views by members of the EPSCOR Advisory Committee, 
and members of the State EPSCOR Committee were only 
recently completed. 

We also submitted a National Aeronautics and Space 
Administration EPSCOR-type proposal this fall. 


KENTUCKY SCIENCE AND 
TECHNOLOGY COUNCIL 


The KSTC is a private, non-profit corporation commit- 
ted to forging a partnership between science, industry and 
state government to create jobs, to construct a healthy 
science/technology infrastructure in support of economic 
development and to enhance science education at all levels. 
Among the activities of the KSTC in 1989-1990: 


—Sponsored a series of training workshops for 31 science 
teachers in July of 1989 and March of 1990 (Kentucky 
Science Teachers Leadership Project) 

—Released “Kentucky Innovation Compact: Creating Jobs 
through Science Technology,” October 1989 

—Secured some $330,000 (including $250,000 from the J. 
G. Brown Foundation) to support a statewide ‘‘Part- 
nership for the Advancement of Science Education” 

—Secured $175,000 contract with the Economic Devel- 
opment Cabinet net to design a comprehensive state- 
of-the-art technology transfer system for the Common- 
wealth (April 1990) 

—Filed a $10 million application to the NSF in October 
of 1990 for a 5-year “Kentucky Partnership for Systemic 
Change in Science and Mathematics Education” 

—Launched a membership program 

—Organized a Kentucky Space Business Roundtable 


Information on any of these items is available on request. 
The Executive Director of the KSTC is Kris Kimmel. Lee 
Todd is Chairman. 

It was reported for Randall Sale, Chair of the Kentucky 
Junior Academy of Science, that there has been an increase 
in the number of sponsored clubs in the middle and high 
schools. The winners of the Junior Academy competitions 
gave presentations at the Annual Meeting and were well 
received. 

Debra Pearce reported for Richard Hannan that the 
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Planning Committee has selected Owensboro for the 1991 
Annual Meeting and Ashland for the 1992 meeting. The 
location for the 1993 meeting is still being negotiated and 
there are plans for a joint meeting with the Indiana and 
Ohio academies of science in Cincinnati in 1994. 

Debra Pearce then gave a few “departing” words noting 
that the Academy had experienced growth and that there 
were eight industrial affiliates two years ago and that 
through the efforts of various individuals in the Academy, 
especially Bill Hettinger, there are now 31 affiliates. She 
believes that the Academy is now on the way to becoming 
more of a proactive rather than reactive organization. She 
requested input from the membership as to what kinds of 
programs the Academy might pursue. Thanks were given 
to all who have assisted her during her tenure as President 
and then she passed the gavel to Blaine Early, the 1991 
President. 

Blaine then noted his excitement and humility at as- 
suming the office of President. He looks forward to the 
Academy membership exceeding 1,000 and that several 
items were of priority to him during 1991: close support 
of science education, a mentor program to the Junior Acad- 
emy members, increased business, science, and industry 
interactions, more environmental awareness, for the Acad- 
emy to share its strength and talents with the state, and 
publication of a membership directory. He asked for help 
from the membership to accomplish his goals. He then 
presented a plaque of appreciation to Debra Pearce. 

The meeting was adjourned at 11:00 a.m. 
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The 1990 Spring symposium and competition was held 
at Western Kentucky University on April 27 and 28, 1990. 
Eighty-six student research papers were presented. Stu- 
dents competed in the Science Bowl and Lab Skill com- 
petitions also. Winners in the Science Bowl quick recall 
game were Drakes Creek Middle School (Bowling Green) 
in the Junior High and Male Traditional High School (Lou- 
isville) in the Senior High. The Laboratory Skills were won 
by Southside Middle School (Paris) in the Junior High and 
Casey County High School (Liberty) in the Senior High 
division. 

The general session had several highlights, Pat Stewart 
was recognized with a plaque from the Academy and a 
framed certificate from the KJAS sponsors and clubs, for 
his dedication and efforts as KJAS Director. Dr. Debra 
Pearce spoke to the general session expressing the concern 
and support of KAS for KJAS’s program. Dr. Riley, from 
WKU’s Chemistry Department gave a presentation of his 
famous Chemical Magic Show. The KJAS clubs and spon- 
sors wish to thank Dr. Kupchella, Dr. Riley, Dr. Henrick- 
son and the WKU staff for their time and effort making 
the symposium a success. 

In February, Gretchen Wagner, of Notre Dame Acad- 
emy, accompanied by her sponsors, Sr. Mary Ethel Parrot 
and Sr. Judith Averbeck attended the American Junior 
Academy of Science Symposium held in New Orleans. 


Based upon the success of this venture, KJAS will have 
three students presenting papers at the AJAS Meeting in 
Washington, D.C., this February. They are Dawn Lam 
and Sarah Cho, of Notre Dame Academy, and Donna 
Holder, from Casey County High. 

Dr. Charles Henrickson and his grant committee at WKU 
reviewed proposals and awarded $600 in student research 
grants to KJAS affiliated students. 

One of the goals for KJAS this year was to increase our 
exposure and recruit new affiliates. KJAS Director R. Sale 
and student officers gave a presentation at the KSTA meet- 
ing and manned an informational booth. Presentations 
were as given at the various regional science fairs by the 
director and board member concerning KJAS’s mission. 
These efforts, and those activities started by Pat Stewart, 
are starting to bear fruit as enrollment of clubs is starting 
to increase. It is felt that any new growth will have to 
come from newly formed clubs. 

The second goal for 1990 and 1991 is to increase inter- 
action between KAS members and KJAS. The KJAS spon- 
sors are presenting a series of proposed programs. Pres- 
ently, most KJAS sponsors are working with student projects 
along with helping with support work for KJAS activities. 
The need for additional support from University and In- 
dustrial scientists in terms of manpower is very evident. 
The growth of the Junior Academy is limited by a lack of 
manpower, even though there is a great potential for growth. 
Presently KJAS needs include: persons to help conduct the 
lab skills competitions, scientists who would like to work 
as advisors with a teacher and student team on a project. 
Also, we need someone with experience to help in design- 
ing and writing grant requests. 


Future Activities 


January 12: KJAS Delegate Assembly—University of Ken- 
tucky 

Mid-February: NAAS—American Junior Academy of Sci- 
ence—Washington, D.C. 

April 26 and 27: Spring Symposium—Eastern Kentucky 
University 


Winners in the 1990 Spring Symposium were: 


Casey County High School—Liberty 

Barbara Jefferies, Sponsor 

1. Donna Holder 

2. Stacy Hines 

Senior High Lab Skills Champs, Frances Carter Sponsor 


Drakes Creek Middle School—Bowling Green 
Junior High Science Bow! Winners 


South Junior High School—Henderson County 
Susan Mueller, Sponsor 

1. Brent Clark 

2. Steve Haydon 

3. Carrie Sights 


Lewis County High School—Vanceburg 
Diane Johnson, Sponsor 
1. B. C. Johnson 
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Male Traditional High School—Louisville 3. Sarah Cho 

Robert Baar, Sponsor 4. Dawn Lam 

1. Debbie Norton Southside Middle School—Paris City Schools 

Senior High Science Bowl Winner Randall Sale, Sponsor 

Model Lab School—Richmond 1. Jay Dickerson 

Kim Alexander, Sponsor 2. Brent Mann 

1. Oliver Brewer 3. John Hafner 

2. Heather Flory Junior High State Lab Skill Champs 

Notre Dame Academy—Covington The 1990-1991 KJAS State Officers 

Seniors Judith Averbeck and Mary Ethel Parrot, Sponsors __ President: Amy Craig—Henderson County High School 
1. Christine Readnour Vice President: Gretchen Wagner—Notre Dame Academy 


2. Lara Rymarquis Secretary: Ailinh Hoang—Male High School 
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Governing board 


Executive Committee 


President Debra K. Pearce 
Northern Kentucky University 

President Elect W. Blaine Early, III 
Cumberland College 

Past President Richard Hannan 
Kentucky Nature Preserves Commission 

Vice-President Douglas L. Dahlman 
University of Kentucky 

Secretary Varley E. Wiedeman 


University of Louisville 
Treasurer Paul H. Freytag 
University of Kentucky 


Executive Secretary 


J. G. Rodriguez 


University of Kentucky 
Editor of the Transactions Branley A. Branson 
Eastern Kentucky University 


Division Representatives and At Large Members 


Larry Elliott (1990) Western Kentucky University 
Julia H. Carter (1991) Wood Hudson Cancer Research Lab 
Valgene L. Dunham (1991) Western Kentucky University 
Estel M. Hobbs (1992) Ashland Petroleum Co. 
Bruce Mattingly (1992) Morehead State University 
Lee T. Todd, Jr. (1992) Databeam Corp. 
Burtron H. Davis (1993) Kentucky Energy Cabinet Lab 


Ray K. Hammond (1993) 
AAAS/NAAS Representative 


Centre College 


William P. Hettinger, Jr. Ashland Petroleum Company 


Chairman, Governing Committee of KJAS 


Randall Sale Paris City Schools 
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Friday, 9 November 1990 


8:55 a.m.—11:30 a.m. 
Coal and Petroleum Symposium 
NS—102 


10:00 a.m.-12:00 noon 
KAS Officers and Governing Board Meeting 
UC—116 


10:00 a.m.-12:00 noon 

Community College Science Faculties 
UC Auditorium 

12:00-5:00 p.m. 

Registration 

UC Lobby 

12:00-5:00 p.m. 

Scientific Poster Exhibits 

UC Mezzanine 

12:00-5:00 p.m. 

Vendor Exhibits 

NS Second Floor Lobby 

1:00-3:30 p.m. 

Sectional Meetings 

2:00-3:30 p.m. 

Sectional Meetings 

2:30 p.m. 

Section Q—Agricultural Sciences Symposium 
NS—430 


Friday, 9 November 1990 


3:30-4:00 p.m. 
Refreshments 
UC TV Lounge 
4:00-5:30 p.m. 
Plenary Session 
UC Auditorium 


Presiding 


Debra K. Pearce, President, 
Kentucky Academy of Science 


Welcome 


David Jorns, Provost, 
Northern Kentucky University 


Plenary Presentation 


Potential Impact of Science and 
Scientists on Kentucky's Economy 


Lee T. Todd, Jr., Databeam Corp. 


5:30-7:00 p.m. 
Social Gathering 
UC Ballroom 


PROGRAM DETAILS 


6:30-7:00 p.m. 

Poster Presenters with Their Posters 
UC Mezzanine 

7:00-9:00 p.m. 

Annual Awards Banquet 

UC Cafeteria 


Protecting Biodiversity in Kentucky 


Marc Evans, Kentucky Nature 
Preserves Commission 


Saturday, 10 November 1990 


8:00-10:00 a.m. 
Registration 

UC Lobby 

8:00 a.m.—2:00 p.m. 
Vendor Exhibits 

NS Second Floor Lobby 
8:00 a.m.—2:00 p.m. 
Scientific Poster Exhibits 
UC Mezzanine 
8:00-9:30 a.m. 


, Sectional Meetings 


Saturday, 10 November 1990 
8:00-9:30 a.m. 
Sectional Meetings 


9:00 a.m. 

Laser Workshop for High School Teachers, Kentucky As- 
sociation of Physics Teachers 

Landrum—411 

9:30-10:00 a.m. 

Coffee and donuts 

UC TV Lounge 


10:00-11:00 a.m. 
Annual Business Meeting 
UC Auditorium 


11:00 a.m.-End 
Sectional Meetings 
CoaL AND PETROLEUM SYMPOSIUM 


Sponsored by the Chemistry and the 
Industrial Sciences Sections 


John T. Riley, Symposium Coordinator 
NS 102 


Friday, 9 November 1990 
John T. Riley, Presiding 


8:55 a.m. 
Introduction 
John T. Riley—Western Kentucky University 
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9:00 a.m, 

Inductively Coupled Plasma Spectrometric Analysis of Coal- 
Water Slurries 

Scott Gilleland,* Joe Werth, Mike Mertens, Michelle Lew- 
is, and John T. Riley—Western Kentucky University 

9:15 a.m. 

X-Ray Fluorescence Spectrometric Analysis of Raw Coal 

Harold D. Graham, Jr.,* Richard L. Tibbitts, and John T. 
Riley—Western Kentucky University 

9:30 a.m. 

The Glass Transition Temperature of Modified Coals 

Michael Clark,* Thomas K. Green, and Wei-Ping Pan— 
Western Kentucky University 

9:45 a.m. 

Sorption Behavior of o-Alkylated Coals 

Kevin Conkright,* Thomas K. Green, and James E. Ball— 
Western Kentucky University 

10:00 a.m. 

A Model for Pyridine Sorption by Coal 

James E. Ball* and Thomas K. Green—Western Kentucky 
University 

10:15 a.m. 

Coffee Break 

10:30 a.m. 

An Overview of Reactors for Coal Liquefaction 

Burton H. Davis—Center for Applied Energy Research 

10:45 a.m. 

Liquefaction Pathways of U.S. Coals 

Robert A. Keogh* and Burton H. Davis—Center for Ap- 
plied Energy Research 

11:00 a.m. 

In-Situ Analysis of Iron Based Coal Liquefaction Catalysts 

G. T. Hager,* G. P. Huffman, and F. E. Huggins—Con- 
sortivm for Fossil Fuel Liquification Science, University 
of Kentucky 

11:15 a.m. 

Removal of Aliphatic Sulfur Compounds from Coal 

John T. Riley, Mingshe Zhu, Scott Coffey, Harold Graham, 
Jr., and Michelle Lewis—Western Kentucky University 


ANTHROPOLOGY SECTION 


John Hale, Co-Chairperson 
Steven P. Savage, Co-Chairperson 
Jim Murry Walker, Secretary 
NS 115 


Saturday, 10 November 1990 
John Hale or Steven P. Savage, Presiding 


8:00 a.m. 

Conflict Resolution in Chimpanzees and Humans 

Chris Boehm—Northern Kentucky University 

8:12 a.m. 

Statistical Analysis of ABO and Rh Blood Group Data from 
the Appalachian Region of Eastern Kentucky 

Valina K. Hurt,* Alicia Cook—Hazard Community Col- 
lege, and Elmer Gray—Western Kentucky University 


8:24 a.m. 

Atzompa’s Green Pottery 

Claire Porter—Eastern Kentucky University (Student pa- 
per sponsored by Steven P. Savage) 

8:36 a.m. 

The Question of Identical Syntax within Four Represen- 
tative Rock Art Panels at Chaco Canyon, New Mexico 

Bob Vallier* and Jeannette Vallier*—University of Ten- 
nessee at Chattanooga 

8:48 a.m. 

The Medieval Danish Intrusion and the Native English 
Language 

Betty J. Wahlstedt—Eastern Kentucky University (Stu- 
dent paper sponsored by Jim Murry Walker) 

9:00 a.m. 

Old Norse Religion 

Anthony Britt Cleary—Eastern Kentucky University (Stu- 
dent paper sponsored by Jim Walker) 

9:12 a.m. 

Anthropological Insights Through Biblical Windows 

Louis McCord—Eastern Kentucky University, Emeritus 

9:24 a.m. 

Scoring of Student Papers 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 

11:00 a.m. 

Social Science Fairs: Their Value and How to Establish 
Them 

James S. Wittman, Jr.—Western Kentucky University, 
Emeritus 

11:12 a.m. 

Mead vs. Freeman: Conflicting Views on Samoa 

Dudley V. Yates—Kentucky Wesleyan College 

11:24 a.m. 

Growing Old on Planet Earth: An Anthropological Intro- 
duction to Gerontology 

Jim Murray Walker—Eastern Kentucky University 

11:36 a.m. 

Hispanic Folk Medicine in North America 

Ray Lewis—Eastern Kentucky University 

11:48 a.m. 

Nino Fidencio: Mexican Folk Saint 

James F. Hopgood—Northern Kentucky University 

12:00 p.m. 

Veils: Women and Men in Islam 

Phyllis Passariello—Centre College 


Saturday, 10 November 1990 
John Hale, Presiding 


12:12 p.m. 
Break 
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12:24 p.m. 

Snake Charmers of Orissa, Performers and Entertainers: 
An Analysis of Caste and Economics in Traditional So- 
ciety of India 

Uma C. Mohanty—Eastern Kentucky University 

12:36 p.m. 

The Impact of Tourism on Indigenous Cultures 

Bill Funk* and Joe Galanek*—Centre College (Student 
paper sponsored by Phyllis Passariello) 


12:48 p.m. 

Native American Traditionalism in a Modern World: Two 
Examples 

Sharlotte Neely—Northern Kentucky University 

1:00 p.m. 


Archaeology and Ethics: The Native American Dilemma 

Bruce Beck—Owensboro Community College 

1:12 p.m. 

Prehistoric Burials: Do They Belong to Scientists or to 
Native Americans? 

Jeanne Sea—Elizabethtown Community College and 
Western Kentucky University (Student paper sponsored 
by Pem Buck) 

1:24 p.m. 

Ethics in Ethnographic Research 

MaryCarol Hopkins—Northern Kentucky University 

1:36 p.m. 

Group Size and Information Overload 

Cara E. Richards—Transylvania University 

1:48 p.m. 

Scoring of Student Papers 

1:54 p.m. 

Sectional Business Meeting 


Botany AND MICROBIOLOGY SECTION 


Karan Kaul, Chairperson 
Allen Risk, Secretary 
NS 231 


Friday, 9 November 1990 
Karan Kaul, Presiding 


1:00 p.m. 

Heterotrophic Bacteria Associated with Drinking Water 

Dennis J. Lye*—Northern Kentucky University, and Al- 
fred P. Dufour—U.S. Environmental Protection Agency 

1:15 p.m. 

A Modified Scheme for Isolation and Enumerztion of Bac- 
teria from Municipal Sewage Sludge 

Kelly K. Ball* and L. P. Elliott—Western Kentucky Uni- 
versity 

1:30 p.m. 

The “Flora of North America” Project 

John W. Thieret—Northern Kentucky University 

1:45 p.m. 

Vascular Flora And Plant Communities of the 12-Year- 


Old Trace Branch Surface-Mined Area in Rockcastle 
County, Kentucky 

Ralph L. Thompson*—Berea College, and Gary L. Wade— 
Northeastern Forest Experiment Station 

2:00 p.m. 

Fire History and Forest Development on the Cumberland 
Plateau 

William H. Martin—Eastern Kentucky University 

2:15 p.m. 

Helianthus eggertii, A Rare Sunflower of the South-Cen- 
tral U.S. 

Ronald L. Jones—Eastern Kentucky University 

2:30 p.m. 

Tortula norvegica (Web.) Wahl. ex Lindb.—A New Moss 
for the Southeastern United States 

Allen C. Risk—Morehead State University 

2:45 p.m. 

Algal and Insect Communities of Heliconia spp. from Four 
Life Zones of Costa Rica 

Vicki Martin-Kier* and Thomas C. Rambo—Northern 
Kentucky University 

3:00 p.m. 

Species Composition and Relative Abundance of Fungi 
Isolated from On-Farm Stored Corn in Western Ken- 
tucky: Preliminary Survey Results 

B. D. Price,* J. D. Sedlacek, P. A. Weston—Kentucky State 
University 

3:15 p.m. 

Sectional Business Meeting 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
Allen Risk, Presiding 


8:00 a.m. 

Divergent Effects of NH,* and NO,~ Nitrogen on Growth 
of White Pine Tissue Cultures 

Karan Kaul and Scott Hoffman*—Kentucky State Uni- 
versity 

8:15 a.m. 

Response of Paulownia tomentosa to Soil Acidity, Alu- 
minum, Iron, and Manganese 

Claude E. Gentry*—Berea College, and John H. Melhuish, 
Jr. and Raymond B. Willis—USDA Forest Service 

8:30 a.m. 

Element Retention in Early Successional Species on an Old 
Field in Warren County, Kentucky 

Joe E. Winstead—Western Kentucky University 

8:45 a.m. 

Seed Germination Ecology of Poison Hemlock, Conium 
maculatum 
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Carol C. Baskin* and Jerry M. Baskin—University of Ken- 
tucky 

9:00 a.m 

The Ecological Life Cycle of Lesquerella lescurii (Gray) 
Watson (Brassicaceae), an Endangered (Extirpated?) 
Species in Kentucky 

Jerry M. Baskin,* Carol C. Baskin—University of Ken- 
tucky, and E. Wayne Chester—Austin Peay State Uni- 
versity 


9:15 a.m 

Changes in the Diatom Community and Water Level of 
Anangucocha, a 3,500 Year Old Lake in Ecuador 

Vicki Martin-Kier* and Miriam Steinitz-Kannan—North- 
ern Kentucky University 


9:30 a.m 
Refreshments 


10:00 a.m 
Annual Business Meeting 
University Center Auditorium 


11:00 a.m. 

A Note on Gonium dispersum—A New Species of Green 
Alga Found in Kentucky 

Mary Blakefield, Patty Biltz,* and Denny O. Harris— 
University of Kentucky 


11:15 a.m 

Sexual Reproduction in Gonium dispersum 

Thereseann C. Dowdy,* Mary Blakefield, and Denny O. 
Harris—University of Kentucky 


11:30 a.m. 

Primary Productivity and Plant Community Structure of 
a Restored Eastern Kentucky Swamp 

Eric C. Webb* and Brian C. Reeder—Morehead State 
University 


11:45 a.m. 

Planktonic Primary Productivity in a Restored Eastern 
Kentucky Swamp: A Comparison of Measurement 
Techniques 

Deborah C. Hours* and Brian C. Reeder—Morehead State 
University 


12:00 noon-1:00 p.m. 
Lunch—on your own 


1:00 p.m. 

The Species-Area Curve and Regional Floras 

Gary L. Wade*—USDA Forest Service, and Ralph L. 
Thompson—Berea College 


1:15 p.m. 

Mosses of Bad Branch Nature Preserve, Letcher County, 
Kentucky 

Allen C. Risk—Morehead State University 


1:30 p.m. 

Some Aspects of the Lake Barkley (Lower Cumberland 
River) Mud Flat Flora 

Edward W. Chester—Austin Peay State University 


1:45 p.m. 

Botanical Survey of the Berea District, Daniel Boone Na- 
tional Forest 

Julian Campbell*—The Nature Conservancy, Allen Risk— 
Morehead State University, and Dale Noe—Eastern 
Kentucky University 

2:00 p.m. 

Inhibitory Effects of Acidified Soil on Field-Grown, Sym- 
biotic Soybean 

G. R. Cline,* Z. Ngewoh Senwo, and K. Kaul—Kentucky 
State University 


CHEMISTRY SECTION 


James O'Reilly, Chairperson 
James H. Niewahner, Secretary 


Concurrent Session I—NS 421 
Concurrent Session II—NS 420 
Saturday—NS 420 


Friday, 9 November 1990 
Concurrent Session I 
James O'Reilly, Presiding 


1:00 p.m. 

Welcome and Introductory Remarks—James O'Reilly 

1:15 p.m. 

Microscale Organic Laboratory on a Shoestring: An Ex- 
perience at Western Kentucky University 

John W. Reasoner—Western Kentucky University, and 
Robert F. Forsythe—Warren East High School 

1:30 p.m. 

Synthesis and Characterization of a New Class of Macro- 
cyclic Cobalt Oxygen Carriers 

Sharlene J. Dzugan*—Cumberland College, and Daryle 
H. Busch—University of Kansas 

1:45 p.m. 

Cobalt (II) Phthalocyanine Chemistry in DMSO 

Robert D. Farina,* Michael Clark, and Harry King— 
Western Kentucky University 

2:00 p.m. 

The Synthesis and Reductive Chemistry of Olefinic Ke- 
tones 

Robert Beauvais* and Robert Holman—Western Ken- 
tucky University 

2:15 p.m. 

Reductive Chemistry of Dicyanoalkane Reactive Inter- 
mediates: Cyclization vs. Polymerization 

Stephan Fonkeng* and Robert Holman—Western Ken- 
tucky University 

2:30 p.m. 

Synthesis and Crystal Structures of Binuclear Iron Di-t- 
Butylphosphido Bridged Carbonyl Complexes 

Michael R. Adams*—Morehead State University, Andrew 
Wojcicki, and Judy Gallucci—Ohio State University 
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2:45-3:25 p.m. 

CLIP (Chemistry Lab Implementation Project) 

Thorton Lipscomb*—University of Louisville, and Linda 
Pennington*—Scott High School 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Friday, 9 November 1990 
Concurrent Session II 
James H. Niewahner, Presiding 


2:15 p.m. 

Thermal Analysis of Asbestos 

Brice Bowley,* Darwin Dahl, and Wei-Ping Pan—West- 
ern Kentucky University 

2:30 p.m. 

Evolved Gas Analysis Using Simultaneous TG/GC and 
TG/FTIR 

Keith Bradfield* and Wei-Ping Pan—Western Kentucky 
University 

2:45 p.m. 

Simultaneous Determination of Choline and Niacin in 
Multi-Vitamin Preparations by Ion Chromatography 
E. Shane Talbott* and J. Preston Miles—Centre College 

3:00 p.m. 

Chromatographic Analysis of Jet Fuel Additives 

William D. Schulz—Eastern Kentucky University 

3:15 p.m. 

Rapid Multielemental Determination of Trace Elements 
in Bone Tissue 

D. L. (Jay) Samudralwar,* and J. D. Robertson—Univer- 
sity of Kentucky 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
James H. Niewahner, Presiding 


8:00 a.m. 

The Oxidation of Styrene by Ethanolic Palladium (II) 

Alan J. Simmons,* Darwin B. Dahl, William G. Lloyd— 
Western Kentucky University 

8:15 a.m. 

A Thermal Analytical Study of Milkweed Floss 

Ms. Pei Gu, Rita Hessley, and Wei-Ping Pan—Western 
Kentucky University 

8:30 a.m. 

Proton Inventories of the Hydrolyses of 2-Chloro-1-Methy] 
Pyrimidinium Triflate and Related Compounds: Mech- 
anistic Implications 


Oliver J. Muscio, Jr.,* Songyuan Shi, and Haisheng Wang— 
Murray State University 

8:45 a.m. 

Using the MC68HC11 Microcontroller in the Laboratory 
and Classroom 

Jeffrey E. Anderson—Murray State University 

9:00 a.m. 

Mechanism of Nucleophilic Substitution Reactions at Cu- 
myl Derivatives and Lifetimes of CUMYL Carbo Cat- 
ions 

Tina L. Amyes* and John P. Richard—University of Ken- 
tucky 

9:15 a.m. 

The Synthesis, Characterization, and Effect of Ligand 
Modifications on Rhodium-Cobalt Dimers 

Kimberly Jo Begley*—Cumberland College, and 

Clifton Woods, I1]—University of Tennessee 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 


Saturday, 10 November 1990 


James O'Reilly, Presiding 

11:00 a.m. 

Sectional Business Meeting 

11:15 a.m. 

Flow Injection Analysis: Acidity Determination of Organic 
Solvents 

Janie S. Shinn*—Cumberland College, and Robert G. 
Harfmann and John R. Morrison—Union Carbide Corp. 

11:30 a.m. 

Synthetic Inhibitors of Collagenase 

Kanchan M. Nijhawan,* Robert D. Gray, and Arno F. 
Spatola—University of Louisville 

11:45 a.m. 

A Novel Method for Determining Transdermal Drug Ab- 
sorption Rates 

Elizabeth Ferguson,* J. David Robertson, and Michael 
Jay—University of Kentucky 

12:00 noon 

Trace Element Localization at the Cellular/Subcellular 
Level Using Laser Microprobe Mass Spectrometry 
(LMMS) 

M. A. Lovell,* W. D. Ehmann, and W. R. Markesbery— 
University of Kentucky 

12:15 p.m. 

Radiochemical Neutron Activation Analysis for the De- 
termination of Arsenic, Cadmium, Copper, and Molyb- 
denum in Central Nervous System Tissues 

L. Tandon,* W. D. Ehmann, E. J. Kasarskis, and W. R. 
Markesbery—University of Kentucky 

12:30 p.m. 

Kinetic Study of Alkaline Hydrolysis of Ethyldiethyl- 
phosphinate 

Harry L. Conley—Murray State University 
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GEOGRAPHY SECTION 


Edwin T. Weiss, Jr., Chairperson 
Conrad T. Moore, Secretary 
NS 115 
Friday, 9 November 1990 

Edwin T. Weiss, Jr., Presiding 
1:00 p.m. 
Village Patterns in Zimbabwe 
Edwin T. Weiss, Jr.—Northern Kentucky University 
1:12 p.m. 
Models of National Urban Development Strategies in the 

Third World 

Raja Banerji—University of Kentucky 
1:24 p.m. 
Population Changes in Appalachian Kentucky 
Wilma J. Walker—Eastern Kentucky University 
1:36 p.m. 
The Candomble’: An Afro-Brazilian Religious Cult 
L. Michael Trapasso—Western Kentucky University 


1:48 p.m. 

A Geographical Case Study of a Profitable Rail Passenger 
System 

James L. Davis—Western Kentucky University 

2:00 p.m. 


Effects of Map Scale on Fractal Dimension of Streams 

Brenda J. Mellett,* Robert W. Bosserman, and James H. 
Thorp—University of Louisville 

2:12 p.m. 

A Computer-Aided Approach for Teaching Statistical 
Methods in Geography 

Stuart A. Foster* and Wayne L. Hoffman—Western Ken- 
tucky University 

2:24 p.m. 

Factors Affecting Wood Fuel Consumption in Warren 
County, Kentucky 

Barry A. Vann and Conrad T. Moore*—Western Ken- 
tucky University 

2:36 p.m. 

The Geography of Kentucky Climate Stations 

Kristi Baxley—Western Kentucky University 

2:48 p.m. 

Century of Climate at Non-Urban Stations 

Glen Conner—Western Kentucky University 

3:00 p.m. 

The Effects of Air Temperature on Soil Temperature 

Gregory L. Willoughby—Western Kentucky University 

3:12 p.m. 

Nuclear Issues and Regions: Attitudes Actions 

Darren E. Purcell—University of Kentucky 

3:24 p.m. 

Energy Budget in Mountain Streams 

Adrian A. Wasserman—Eastern Kentucky University 

3:36 p.m. 

Report by the State Geographer, David Howarth, and 
Sectional Business Meeting 


3:48 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


GEOLOGY SECTION 


Gary L. Kuhnhenn, Chairperson 
Charles E. Mason, Secretary 
NS 449 


Friday, 9 November 1990 
Gary L. Kuhnhenn, Presiding 


1:00 p.m. 

Introduction 

1:10 p.m. 

Petrology of Four Small Gabbroil Metanorthosite Bodies 
in the Glen Quadrangle, Southeastern Adirondacks, N.Y. 

Lorena G. Babcock—Eastern Kentucky University 

1:30 p.m. 

Petrographic Analysis and Environmental Interpretations 
of the Mississippian Lower Newman Limestone (Big 
Lime) Along and SE of Pine Mountain 

Eric Scott Johnson—University of Kentucky 

1:50 p.m. 

Dolomitization, Cementation, and Porosity Evolution of 
the Silurian (Wenlockian) Laurel Dolomite in Kentucky 
and Southeastern Indiana 

R. Todd Hendricks* and Stephen O. Moshier—University 
of Kentucky 

2:10 p.m. 

Break 

2:20 p.m. 

Siliceous Dikes in Devonian and Mississippian Shales, Cen- 
tral Kentucky 

Lim Ling—Eastern Kentucky University 

2:40 p.m. 

Silurian (Wenlockian) Trace Fossils (Rusophycus) of the 
Bisher Formation, Northeastern Kentucky: Evidence of 
Trilobite Predation Upon Infaunal Worms 

Daniel J. Phleps,* R. Todd Hendricks, and Anna E. Wat- 
son—University of Kentucky 

3:00 p.m. 

Sectional Business Meeting 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 


Gary L. Kuhnhenn, Presiding 


8:00 a.m. 
Introduction 
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8:10 a.m. 

A Silurian Age Dysaerobic Environment in Northeastern 
Kentucky 

Charles E. Mason,* Agnes R. Manley, and John D. Jones— 
Morehead State University 

8:30 a.m. 

Clay Mineral Distribution of the Crab Orchard Formation 
(Upper Silurian) of Northeastern Kentucky 

Robert T. Lierman* and Agnes R. Manley—Morehead 
State University 

8:50 a.m. 

Geological Evaluation and Rock Quality Assessment Dur- 
ing the Tunneling Phase of the FHWA’s Cumberland 
Mountain Tunnel Project at Cumberland Gap, KY/TN/ 
VA 

Claude S. Dean,* Roy C. Kepterle, and Todd D. Alfrey— 
Eastern Kentucky University 

9:10 a.m. 

Dye-Tracing Study of the Sinking Creek Basin, Inner Blue 
Grass Karst Region, Kentucky 

James C. Currens and C. Douglas R. Graham*—Kentucky 
Geological Survey 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorum 

11:15 a.m. 

Diagenetic Sequence and Porosity Modifications in Eocene 
Yegua Sandstone Hydrocarbon Reservoirs, Wharton 
County, Texas 

Edward L. Crisp*—Morehead State University, and Rich- 
ard K. Vessell—David K. Davies and Associates 

11:35 a.m. 

Ponded Coal Fines—Kentucky’s New Coal Resource? 

Kenneth W. Kuehn* and C. Edward Beane—Western 
Kentucky University 

11:55 a.m. 

Kilauea, Hawaii: 1990 Field Report of Kilauea’ East Rift 
Activity in the Kalapana Area 

Graham Hunt—University of Louisville 


Puysics SECTION 


Doug Jenkins, Chairperson 
Jack Wells, Secretary 


Concurrent Session I—Landrum 411 
Concurrent Session II—NS 430 


Joint Meeting of the 
Kentucky Academy of Science and the 
Kentucky Association of Physics Teachers 


Saturday, 10 November 1990 
Concurrent Session I—Workshop 


9:00-11:30 a.m. 
Laser Workshop for High School Teachers 


Saturday, 10 November 1990 
Doug Jenkins, Presiding 
Concurrent Session II—Presented Papers 


8:30-9:00 a.m. 
Applications of Nuclear Techniques in Industry 
George Vourvopoulos—Western Kentucky University 


9:00 a.m. 
Air Pollutants Produced by a Kerosene Heater 
Andy Chambers* and Marshall Wilt—Centre College 


9:12 a.m. 

Measuring Temperature and Determining Color as a 
Function of Temperature for Incandescent Lamps 

William S. Wagner—Northern Kentucky University 


9:24 a.m. 

NKU Participates in a High Energy Physics Experiment 
at Fermilab 

John Filaseta,* Russell Clark, David Munday, Susan Reed, 
and Donna Skinner—Northern Kentucky University 


9:36 a.m. 

Construction of a Near-Infrared Reflectance Spectropho- 
tometer 

James M. Whaley* and Stephen H. Cobb—Murray State 
University 


9:48 a.m. 

Determination of Forage Quality by Near Infrared Re- 
flectance Spectrosopy (NIRS) 

Carol J. Baltimore* and Stephen H. Cobb—Murray State 
University 


10:00-10:05 a.m. 

Kentucky Association of Physics Teachers Business Meet- 
ing 

10:00 a.m. 

Kentucky Academy of Science Annual Business Meeting 

University Center Auditorium 


11:00 a.m. 

Computer Demonstrations In An Introductory Solid State 
Physics Course 

Dr. Randall Harper, Jr.,* Matthew Raymer, and Shawn 
Wagoner—Western Kentucky University 


11:12 a.m. 

Computer Modeling of Fluorescence Energy Transfer 

Matthew Raymer,* Shawn Wagoner, and Wieb Van Der 
Meer—Western Kentucky University 


11:24 a.m. 

Optical Coronal Emission Lines from Equilibrium and 
Cooling Plasmas 

Christopher M. Graney*—Jefferson Community College, 
and Craig L. Sarazia—University of Virginia 

11:36 a.m. 

Electronic Star Tech—The Next Generation in Astro- 
physical Imaging 

Roger Scott*—Ball State University, and Karen Hackney, 
Richard Hackney, Max Robinson, and Jeff George— 
Western Kentucky University 
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11:48 a.m. 

Characterization of a PC-Based CCD Camera for Imaging 
Low-Intensity Sources 

Tracy Floyd,* David Burkett,* R. L. Hackney, K. R. Hack- 
ney, and M. Robinson—Western Kentucky University, 
and R. L. Scott—Ball State University 

12:00 noon-1:30 p.m. 

Lunch 

1:30 p.m. 

Development of a PC-Based Image Processing System for 
CCD and Vidicon Images 

Barry McGuffin,* Richard Hackney,* and Karen Hack- 
ney—Western Kentucky University, and Roger Scott— 
Ball State University 

1:42 p.m. 

Measurement of the Spatial Resolution of a CRT Screen 
using CCD Scans of Photographic Images 

Richard Lawrence* and F. Dudley Bryant—Western Ken- 
tucky University 

1:54 p.m. 

Inexpensive Programmable Waveform Generator for 
Physics Labs 

Carl Hoff,* Donald Jackson, and John Tarvin—Murray 
State University 

2:06 p.m. 

Damped Physical Pendulum 

Jwain White,* B. R. Anderson, and H. R. Kobraei—Mur- 
ray State University 

2:18 p.m. 

Theory of Condensation Coefficient 

Shane Milburn,* Hamid Kobraei, and Buford Anderson— 
Murray State University 

2:30 p.m. 

A 2-D Molecular Dynamics Simulation of Small Argon 
Clusters 

John Tarvin,* Hamid Kobraei, Donald Jackson—Murray 
State University 

2:42 p.m. 

Nucleation of Nonane Clusters 

Tom Hines,* Hamid Kobraei, and Buford Anderson— 
Murray State University 

2:54 p.m. 

Interaction Potentials for Various Molecular Species 

Trina Riley,* Hamid Kobraei, and Buford Anderson— 
Murray State University 

3:06 p.m. 

Ensquared Power for Obscured Circular Pupils with Off- 
Center Imaging 

Louis M. Beyer* and Stephen H. Cobb—Murray State 
University 


PuystoLocy, BiopHysics, BIOCHEMISTRY, AND 
PHARMACOLOGY SECTION 


Ronald D. Fell, Chairperson 
David R. Hartman, Secretary 
NS 400 


Friday, 9 November 1990 
Ronald D. Fell, Presiding 


1:00 p.m. 

Blockade of Endothelium-Dependent Vasodilation with 
NG-Monomethyl-L-Arginine in Rat Skeletal Muscle Mi- 
crocirculation 

Feng Li* and Irving G. Joshua—University of Louisville 


1:15 p.m. 

Effect of N-Methyl-D-Aspartate (NMDA) Blockade on In- 
spiratory Inhibitory Reflexes Elicited by Pontine Stim- 
ulation 

Liming Ling* and Diane R. Karius—University Kentucky 
Medical Center 


1:30 p.m. 

Reproduction in Mice Fed Endophyte-infected Perennial 
Rye Grass Seed 

Dan R. Varney* and Dianne D. Gowin—Eastern Ken- 
tucky University 


1:45 p.m. 

Does Endophyte-infected Tall Fescue Affect Reproduc- 
tion in the Eastern Cottontail? 

Dan R. Varney* and Tracy Bertram—Eastern Kentucky 
University 


2:00 p.m. 

Pyruvate Kinase from Pig Heart 

William R. Kiffmeyer—Indiana University, and William 
Farrar*—Eastern Kentucky University 


2:15 p.m. 

Pyruvate Kinase from Pig Brain 

Gabert Farrar and William Farrar*—Eastern Kentucky 
University 


2:30 p.m. 

Enolases from Pig Liver, Muscle, and Brain 

William Farrar* and Gabert Farrar—Eastern Kentucky 
University 


2:45 p.m. , 

Preparation of Genetically Engineered Antiphosphocho- 
line Antibody Genes for B Cell Activation Studies 

Rebecca Willison* and Cheryl Dell—Berea College, and 
J. Latham Claflin—University of Michigan 


3:00 p.m. 

Soybean DNA Polymerase-Beta: Partial Purification and 
Characterization 

Valgene Dunham,* Lesa Dill, and Stacie Day—Western 
Kentucky University 

3:15 p.m. 

Sectional Business Meeting 


3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 
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Saturday, 10 November 1990 
Ronald D. Fell, Presiding 


8:15 a.m. 
Magnetic States of the Cytochrome A,-Cu, Center in Rest- 
ing Cytochrome Oxidase and Some of its Derivatives 
Zexia K. Barnes*—Morehead State University, and James 
L. Dye and G. T. Babeock—Michigan State University 

8:30 a.m. 

The Effect of Ultraviolet Light on Growth and Heterocyst 
Production in Anabaena 

Mary Blakefield* and Denny O. Harris—University of 
Kentucky 

8:45 a.m. 

Steroidogenic Mitochondrial Structure /Function—Matrix 
Vesiculated Cristae and Cholesterol Metabolism 

Mohan S. Dhariwal—Murray State University 

9:00 a.m. 

Changes in Rat Hindlimb Passive Tension Following Dis- 
use Atrophy 

Patricia R. Douglas,* Kenneth A. Mook, and Ronald D. 
Fell—University of Louisville 

9:15 a.m. 

Sub-Lethal Autolysis in Livers of Mice Exposed to Phthal- 
ates 

T. Taylor,* S. Vogelpohl, M. Flick, and J. Carter—Wood 
Hudson Cancer Research Lab, and A. Deaugelo, and 
F. B. Daniel—U.S. Environmental Protection Agency 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 


SCIENCE EDUCATION SECTION 


Frank H. Wilbur, Chairperson 
Curtis C. Wilkins, Secretary 
NS 315 


Friday, 9 November 1990 
Curtis C. Wilkins, Presiding 


1:00 p.m. 

Real-Life Chemistry in Freshman Lectures: I—Gas Cham- 
ber Stoichiometry 

Norman W. Hunter,* Curtis C. Wilkins, and Earl F. Pear- 
son—Western Kentucky University 

1:15 p.m. 

Real-Life Chemistry in Freshman Lectures: I[—Storing 
Solar Energy in CaCl, 

Curtis C. Wilkins,* Earl F. Pearson, and Norman W. Hunt- 
er—Western Kentucky University 

1:30 p.m. 

Real-Life Chemistry in Freshman Lectures: III—Novel/ 
Conventional/Unconventional Dimensional Analysis 
Earl F. Pearson,* Norman W. Hunter, and Curtis C. Wil- 

kins—Western Kentucky University 


1:45 p.m. 

Teaching Students to Distinguish Among Scientific, Pseu- 
doscientific and Religious Explanations 

Frank H. Wilbur—Asbury College 

2:00 p.m. 

Emphasizing the Scientific Method in Laboratory Exer- 
cises 

John Brushaber—Asbury College 

2:15 p.m. 

A Hypermedia Approach to Molecular Genetics 

Claire A. Rinehart—Western Kentucky University 

2:30-3:00 p.m. 

Computer Software Applications in the Undergraduate 
Biochemistry Laboratory 

David R. Hartman—Western Kentucky University 

3:00 p.m. 

Sectional Business Meeting 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
Frank H. Wilbur, Presiding 


8:00 a.m. 

Science-By Mail 

Mary H. Dyar—Museum of History and Science 

8:15 a.m. 

Software for the Macintosh Classroom 

Rico Tyler* and Richard Hackney—Western Kentucky 
University 

8:30 a.m. 

Forming Teacher Alliances 

Carol W. Wilson—Western Kentucky University 

8:45 a.m. 

Credit Requirements in Science at American Schools of 
Business 

K. A. LaSota* and A. D. Smith—Robert Morris College 

9:00 a.m. 

Simple Biology Experiments for Elementary Science 

James N. Behnke* and Douglas W. Kelley—Asbury Col- 
lege 

9:15 a.m. 

Kentucky Governor’s Scholars and the Creation Science/ 
Evolution Issue—An Update 

Ray Hammond—Centre College 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 

11:00 a.m. 

Science Activities for the Middle School (SAMS) Project 

J. Truman Stevens—University of Kentucky 
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11:15 a.m. 

Attitudes and Perceptions of Kentucky High School Stu- 
dents Toward the Medical Technology and Nursing Pro- 
fessions 

Donna Blackburn* and L. P. Elliott—Western Kentucky 
University 

11:30 a.m. 

Computer Simulation of Laboratory Tests for Amino Acid- 
Peptide Unknowns 

John L. Meisenheimer—Eastern Kentucky University 

11:45 a.m. 

Science Attitude Survey—A ppalachian Explorers Program 

J. Truman Stephens—University of Kentucky, and Brian 
J. Radcliffe*—Lexington Bryan Station 


PsYCHOLOGY SECTION 


Mike Bardo, Chairperson 
Mykol Hamilton, Secretary 


Friday Concurrent Session I—NS 424 
Friday Concurrent Session II—NS 423 
Saturday—NS 424 


Friday, 9 November 1990 
Mike Bardo, Presiding 
Concurrent Session I 


1:00 p.m. 

Concrete Versus Abstract Reasoning as a Function of 
Piagetian Development Level in College Students 

Francis Osborne,* Katrina Lewis, and Alan W. Houn- 
shell—Morehead State University 

1:15 p.m. 

A Modification of the Digit Symbol Test for Assessment 
of Incidental Recall 

Steven Cody* and Monica Castillo—Marshall University 
School of Medicine 

1:30 p.m. 

Factors Affecting Tip of the Tongue Phenomenon 

LaRe Wilson—Murray State University 

1:45 p.m. 

The Effect of Mood on Memory 

Melissa Fisher—Murray State University 

2:00 p.m. 

Analogical Transfer in Human Problem Solving 

Dennis G. Moore—Murray State University 

2:15 p.m. 

The Study of Short Term Memory Forgetting in Auditory 
Hallucinators 

Monica Clark—Murray State University 

2:30 p.m. 

The Effects of Physical Conditioning on Cognitive Pro- 
cesses 

Michelle L. Roby—Murray State University 

2:45 p.m. 

Directed Forgetting Effects in Pigeons 

Karen Roper* and Tom Zentall—University of Kentucky 


3:00 p.m. 

Organizational Signals Aid Memory for Text (Sometimes) 

Robert F. Lorch, Jr.* and Elizabeth P. Lorch—University 
of Kentucky 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Friday, 9 November 1990 
Brent White, Presiding 
Concurrent Session II 


2:00 p.m. 

SCH-23390, A Selective Dopamine D1 Receptor Antag- 
onist Blocks the Development of Behavioral Sensitiza- 
tion to Apomorphine 

Shannon Fauver* and Bruce A. Mattingly—Morehead State 
University 

2:15 p.m. 

Sulpiride Blocks the Expression, But Not the Development, 
of Behavioral Sensitization to Apomorphine 

Greg Lovell* and Bruce A. Mattingly—Morehead State 
University 

2:30 p.m. 

Cross-Modal Transfer in Immature Rats (Ratus norvegi- 
cus) 

Philip J. Kraemer, Christopher K. Randall,* and Timothy 
J. Carbary—University of Kentucky 

2:45 p.m. 

Interaction of Development of Learned Helplessness Be- 
havior and Alcohol Consumption in Rats 

William Batsel,* Frank Osborne, Steve Remillard, and 
Kim Schrieffer—Morehead State University 

3:00 p.m. 

Behavioral Toxicity of Trialkyltin Compounds: Effects of 
Trimethyl and Tributylin on Spatial Learning and 
Memory 

David Miller* and Arthur Nonneman—University of Ken- 
tucky 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
Mike Bardo, Presiding 


8:00 a.m. 

Differences Between Verbal Hallucinators and Nonhal- 
lucinators on the Millon Clinical Multiaxial Inventory 

Terry R. Barrett—Murray State University 

8:15 a.m. 

The Occurrence of Verbal Hallucinations in Visual Artists 

Tami Harbolt—Murray State University 
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8:30 a.m. 

The Study of Mental Rotation in Hallucinators vs. Non- 
hallucinators 

Paul Hickling—Murray State University 

8:45 a.m. 

Rejection of the Mentally Ill: Understanding the Power of 
a Label 

Kim Hester—Murray State University 

9:00 a.m. 

Eating Behaviors 

Anthony Wilson—Murray State University 


9:15 a.m. 

Long Term Effects of Child Sexual Abuse on Adult Fe- 
males 

Sherry Bone—Murray State University 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 

11:00 a.m. 

Self-Segregation in a College Cafeteria 

Amy Jackson* and Jack Thompson—Centre College 

11:15 a.m. 

Sex Differences in EMG Biofeedback Training 

Linda Bernado* and Jack Thompson—Centre College 

11:30 a.m. 

Racial Attitudes of a College Campus 

Nikki A. O’Risky—Murray State University 

11:45 a.m. 

Denial and AIDEs on a College Student Sample 

Richard Hudson—Murray State University 

12:00 noon 

The Impact of Music Videos on Student Attitudes About 
Sex and Violence 

Darcy L. Lorenzen—Murray State University 

12:15 p.m. 

Effects of Self-Perceived Physical Attractiveness on Part- 
ner Selection 

Shelley Wood—Murray State University 

12:30 p.m. 

Commons Dilemma: Personality Traits and the Behavior 
of Others 

Suzanne Magness* and Jeffrey Smith—Northern Kentucky 
University 

12:45 p.m. 

Faculty and Staff Competence With a Computerized Tele- 
phone System 

Mark Pratt* and Jack Thompson—Centre College 

1:00 p.m. 

Maximizing the Relationship Between Job Satisfaction and 
Job Performance 

Julie M. Yarbro—Murray State University 

1:15 p.m. 

Factors Effecting Student Evaluation of an Introductory 
Psychology Course 


Francis H. Osborne,* Andy Edie, and Yong Mao—More- 
head State University 

1:30 p.m. 

Dogmatism and Student Resistance to Evolution 

Chad A. Gregory—Murray State University 

1:45 p.m. 

Burnout in Primary and Secondary Educators 

Gerald L. Jackson—Murray State University 


SOCIOLOGY SECTION 


Amiya Mohanty, Chairperson 
J. Allen Singleton, Secretary 
NS 421 


Friday, 9 November 1990 


3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
J. Allen Singleton, Presiding 


8:30 a.m. 

Women in Contemporary Political Campaign: An Eastern 
Kentucky Example 

Kim Cornett—Eastern Kentucky University 

8:45 a.m. 

Gender Mismatching Between the Clinician and the Adult 
Incest Victim: Emotional Repercussions 

Chenelynn M. Worrall—Bellarmine College 

9:00 a.m. 

Locus of Control Social Support and Fertility 

Timothy Z. Brothers—Bellarmine College 

9:15 a.m. 

Observations on the Human Sex Ratio and Family Size in 
Hunan, China 

Elmer Gray*—Western Kentucky University, Valina 
Hurt—Hazard Community College, and Ju Yim Wu— 
Hunan Province Family Planning Research Institute 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 


Saturday, 10 November 1990 
Amiya Mohanty, Presiding 


11:00 a.m. 

Marriage Practices in a Nomadic Caste: Their Changing 
Patterns 

Uma C. Mohanty—Eastern Kentucky University 

11:15 a.m. 

Aging in Cross-Cultural Perspectives 

Amiya K. Mohanty—Eastern Kentucky University 
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11:30 a.m. 

Mattresses for Rockcastle County: Application of a New 
Deal Program at the Grassroots Level 

J. Allen Singleton—Eastern Kentucky University 

11:45 a.m. 

Narrative in Religious Family Analysis 

William Weston*—Centre College 

12:00 noon 

Debatable Multi-Choice Questions and Questioning Au- 
thority 

Richard Futrell*—Eastern Kentucky University 

12:15 p.m. 

Sectional Business Meeting 


ZOOLOGY AND ENTOMOLOGY SECTION 


John D. Sedlacek, Chairperson 
Paul A. Weston, Secretary 


Friday—NS 524 
Saturday 8:00 a.m.—NS 524 


Saturday Concurrent Session I—NS 524 
Saturday Concurrent Session II—NS 525 


Friday, 9 November 1990 
Paul A. Weston, Presiding 


1:00 p.m. 

Patterns of Cell Proliferation During Regeneration of the 
Lateral Line System of the Axolotl Salamander 

Hope L. Guenthner* and Kenneth J. Balak—Western Ken- 
tucky University 

1:15 p.m. 

Regeneration of Hair Cells from Supporting Cells in the 
Lateral Line System After Phototoxic Treatment 

Kenneth J. Balak and Nita N. Dashi*—Western Kentucky 
University 

1:30 p.m. 

Changes in Uptake of Glucose, Leucine and Uracil by 
Freshly Excysted Larvae of the Tapeworm, Hymenole- 
pis diminuta 

Gary L. Uglem—University of Kentucky, and Ron B. Ro- 
sen, Melissa E. Denton,* and Manuel L. San—Berea 
College 

1:45 p.m. 

Effect of Photoperiod and Temperature on the Release of 
Gymnocephalous Cercariae and Xiphidiocercariae from 
the Gastropod, Helisoma trivolvis 

Ron B. Rosen, Melissa E. Denton, and Manuel L. San*— 
Berea College 

2:00 p.m. 

Thermoregulation in the Walking Cicada, Okanagana 
synodica 

Jon Hastings—Northern Kentucky University 

2:15 p.m. 

Daily Pattern of Brain Serotonin Levels in the Cockroach 


Kristy L. Garrett,* Suzanne Wilson, M. Lee Upchurch, 
Rachel L. Allender, Darwin Dahl, and Blaine R. Fer- 
rell—Western Kentucky University 

2:30 p.m. 

Orientation Responses of Maize Weevil to Humidity and 
Tactile Stimuli 

Paul A. Weston* and Scott A. Hoffmann—Kentucky State 
University 

2:45 p.m. 

Development of the Tobacco Aphid Myzus nicotianae 

Michael Evans* and Lee Townsend—University of Ken- 
tucky 

3:00 p.m. 

Colorado Potato Beetle Growth and Development in Re- 
lation to Insecticide Resistance and Alleochemical Lev- 
els 

Patti L. Rattlingourd*—Kentucky State University, and 
Edward J. Grafius—Michigan State University 

3:15 p.m. 

Effect of Malathion and Age of Grain on the Insect Fauna 
Associated with On-Farm Stored Corn 

John D. Sedlacek,* Robert J. Barney, Bryan D. Price, and 
Paul A. Weston—Kentucky State University 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
Paul A. Weston, Presiding 


8:00 a.m. 

Effects of Calcium on the Toxicity of Zinc to Embryos 
and Larvae of the Fathead Minnow (Pimephales pro- 
melas) 

Gregory J. Popken* and Barbara A. Ramey—Eastern Ken- 
tucky University 

8:15 a.m. 

Production of Rainbow Trout, Oncorhynchus mykiss 
(Richardson), in Ponds Using Different Feeding Prac- 
tices 

James Tidwell,* Carl Webster, and Richard Knaub—Ken- 
tucky State University 

8:30 a.m. 

Spatial and Temporal Changes of Benthic Invertebrate 
Community Structure in a Kentucky Stream 

Heather Sanders and Joseph Holomuzki—Transylvania 
University 

8:45 a.m. 

Record of First Occurrence of Taphromysis louisianae 
(Banner) in the Ohio River Basin 

Michael D. Hardin,* Brian C. Reeder, and Gerald L. De 
Moss—Morehead State University 

9:00 a.m. 

Parasites of Freshwater Mussels in Kentucky Lake 
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Elizabeth A. Urban,* Leon F. Duobinis-Gray, and James 


B. Sickel—Murray State University 
9:15 a.m. 
Sectional Business Meeting 
9:30 a.m. 
Refreshments 
10:00 a.m. 
Annual Business Meeting 
University Center Auditorium 


NSF—RESEARCH EXPERIENCE For UNDERGRADUATES 


University of Kentucky 
Philip Crowley, Coordinator 


Saturday, 10 November 1990 
Concurrent Session I 
Paul A. Weston, Presiding 


11:00 a.m. 

Factors Influencing Spatial Separation of Adult and Ju- 
venile Giant Water Striders 

Karen M. Davis*—Morehead State University, and James 
J. Krupa—University of Kentucky 

11:15 a.m. 

Above- Versus Below-Ground Competition Effects on Plant 
Morphology 

Linda DeWitt*—Eastern Kentucky University, and Scott 
Gleeson—University of Kentucky 

11:30 a.m. 

The Impact of Green Sunfish (Lepomis cyanellus) on the 
Growth of Mosquitofish (Gambusia affinis) 

Laura Jones* and Christine Barton—Centre College 

11:45 a.m. 

Microhabitat Preferences of the Elegant Madtom Catfish 
(Notorus elegans) 

Sara Dawson* and Michael Barton—Centre College 

12:00 noon 

Factors Influencing the Distribution and Abundance of 
Fishes in the Lily Creek System of Southern Kentucky 

Jerry McGinnis* and Michael Barton—Centre College 

12:15 p.m. 

Synergistic and Antagonistic Interactions Among Preda- 
tors and Their Effects on the Survival and Spatial Dis- 
tribution of Hatchling Fathead Minnows 

Lisa Whitt,* Andrew Kasarskis, and Philip Crowley—Uni- 
versity of Kentucky 

12:30 p.m. 

Effects of Initial Population Density, Alternative Prey 
Abundance, and Hatching Synchrony on Early Growth 
and Survival of Cannibalistic Dragonfly Larvae, Tetra- 
goneuria cynosura (Say), in the Lab 

Samantha Holt,* Debra Claus-Walker, and Philip Crow- 
ley—University of Kentucky 

12:45 p.m. 

Correlates of Reproductive Success in the Fathead Min- 
now, Pimephales promelas: Nest Quality 


Amanda Fales,* Keith Ledford, Craig Sargent—Univer- 
sity of Kentucky 

1:00 p.m. 

Correlates of Reproductive Success in the Fathead Min- 
now, Pimephales promelas: Male Quality 

Keith Ledford,* Amanda Fales, and Craig Sargent—Uni- 
versity of Kentucky 


Saturday, 10 November 1990 
Concurrent Session II 
John D. Sedlacek, Presiding 


11:00 a.m 

Furbearer Presence on 2- to 6-Year Old Clear-Cuts in 
Eastern Kentucky 

Dale R. Woods* and Charles L. Elliott—Eastern Kentucky 
University 

11:15 a.m. 

Home Range Sizes of Eastern Screech-Owls in Central 
Kentucky 

Earl J. Sparks,* Gary Ritchison, and James R. Belthoff— 
Eastern Kentucky University 

11:30 a.m. 

Habitat Use by Eastern Screech-Owls in Central Kentucky 

Earl J. Sparks,* Gary Ritchison, and James R. Belthoff— 
Eastern Kentucky University 

11:45 a.m. 

Activity Levels and the Natal Dispersal of Eastern Screech- 
Owls (Otus asio) 

Gary Ritchison* and Paul H. Klatt—Eastern Kentucky 
University, and James R. Belthoff—Clemson University 

12:00 noon 

The Herpeto Fauna of Panay Island, The Philippines 

John W. Ferner*—Thomas More College, and Pedro C. 
Gonzales—National Museum of the Philippines 

12:15 p.m. 

The Systematics, Distribution and Variation of Worm 
Snakes, Genus Carphophis in Kentucky 

Les Meade—Morehead State University 

12:30 p.m. 

Spatial Distribution and Site Attachment of the Green 
Salamander, Aneides aeneus 

Paul V. Cupp, Jr.*—Eastern Kentucky University 

12:45 p.m. 

Ambystoma jeffersonianum and Ambystoma tigrinum in 
Kentucky: Distribution and Systematic Data 

Les Meade—Morehead State University 

1:00 p.m. 

Ambystoma jeffersonianum and Ambystoma tigrinum in 
Kentucky: Allozyme Variations 

Teresa Forsyth—Morehead State University 

1:15 p.m. 

Natural Hybridization of Admiral Butterflies (Lepidop- 
tera, Nymphalidae) 

Charles V. Covell, Jr.—University of Louisville 
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1:30 p.m 

Utilization of UV Patterns and a Compound Eye Study of 
Two Species of Halictid Bees 

Rozenna B. Carr—University of Louisville 


COMPUTER SCIENCE SECTION 


Arthur D. Shindhelm, Chairperson 
Richard A. Rink, Secretary 
NS 523 


Friday, 9 November 1990 


3:30 p.m. 

Refreshments 

4:00 p.m 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
Arthur D. Shindhelm, Presiding 


8:00 a.m. 

Exponential Analysis Using a Pade Laplace Transform 
Technique 

Dale Baltimore,* John Tarvin, and Donald Jackson—Mur- 
ray State University 

8:15 a.m. 

Selection Methods for Simple PLA Folding 

Bill D. Janeway* and Patricia Costello—Eastern Kentucky 
University 

8:30 a.m. 

Efficient Coding Systems for Messages 

David E. Fields—Eastern Kentucky University 

8:45 a.m. 

Development and Evaluation of a CSI Laboratory Course 

Carol W. Wilson—Western Kentucky University 

9:00 a.m. 

A Course in Automated Reasoning 

Arthur Shindhelm—Francis Marion College, on leave from 
Western Kentucky University 

9:15 a.m. 

Sectional Business Meeting 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 

11:00 a.m. 

A PC Oriented Transportation Management System 

Karen Shindhelm—Western Kentucky University 

11:15 a.m. 

Software Development Methodologies: Object-Oriented 
vs. Waterfall 

John Crenshaw—Western Kentucky University 


11:30 a.m. 

Expert System for Lathe Turning 

Thomas L. Ward,* Patricia A. S. Ralston, and W. Darrin 
Hall—University of Louisville 

11:45 a.m, 

Computer-Based Learning, Expert Systems, and Software 
Engineering: The Merging of Advanced Tools in the 
Future 

Kenneth L. Modesitt—Western Kentucky University 


MATHEMATICS SECTION 


Carroll G. Wells, Chairperson 
Russel M. Brengelman, Secretary 
NS 317 


Friday, 9 November 1990 
Carrol G. Wells, Presiding 


2:00 p.m. 

School Mathematics for the 21st Century (the N.C.T.M. 
Standards) 

Peter E. Moore—Northern Kentucky University 

2:30 p.m. 

The Frechet Derivative and an Application 

Nezam Iraniparast—Western Kentucky University 

3:00 p.m. 

Applications of the Maximum Principle to Fourth Order 
ODES 

Beth J. Mayer—Western Kentucky University 

3:30 p.m. 

Leontief Economic Models 

Carroll G. Wells—Western Kentucky University 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
Carroll G. Wells, Presiding 


8:00 a.m. 

Approximate Combs and Filippov Solutions 

John S. Spraker* and Daniel C. Biles—Western Kentucky 
University 

8:30 a.m. 

Mathematical Modeling of Response Surfaces: Spatial 
Analysis of Legal Case Disposition in Kentucky 

Alan D. Smith*—Robert Morris College, and Joseph A. 
Joiner—Eastern Kentucky University 

9:00 a.m. 

A Multipoint Version of Rolle’s Theorem 

James B. Barksdale, Jr.—Western Kentucky University 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 
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11:00 a.m. 

Pareto’s Law 

Walter Feibes—Bellarmine College 

11:30 a.m. 

A Comparison of Methods for Teaching Locus of Points 
Problems in High School Geometry 

Wanda Weidemann—Western Kentucky University 

12:00 noon 

Classroom Experiments in Introductory Probability Classes 

Frank H. Dietrich, II—Northern Kentucky University 

12:30 p.m. 

Using a Graphing Calculator in Precalculus and Calculus 
Courses 

Gail W. Wells—Northern Kentucky University 

1:00 p.m. 

Parallel Matrix Decomposition Algorithms for the Nu- 
merical Solution of Poisson’s Equation 

K. R. Bennett, B. Bialecki, and G. Fairweather*—Uni- 
versity of Kentucky 

1:30 p.m. 

Sectional Business Meeting 


ENGINEERING SECTION 


Kimberly A. Ward, Chairperson 
J. Thomas Schrodt, Secretary 


Joint Session—NS 427 
Engineering—NS 425 


Friday, 9 November 1990 


1:00-2:00 p.m. 

Joint Session of Engineering and Industrial Sciences Sec- 
tions Interaction of Industry and Academe 

1:00 p.m. 

Welcome and Opening Remarks 

William P. Hettinger, Jr—Ashland Petroleum 

1:10 p.m. 

How Interaction with Industry Stimulates Fundamental 
Research 

H. Ted Davis, Head of the Chemical Engineering and 
Material Science Department, University of Minnesota 


Engineering Section 
NS 425 


Kimberly A. Ward, Presiding 
2:00 p.m. 
Interfacial Characterization of Epoxy Bonded Maraging 
Steel 
M. Angelovici* and H. Dodiuk—University of Kentucky 
2:15 p.m. 
A Constructed Wetland to Remove Metals from Acid Mine 
Drainage 
George Chalfant,* Howard G. Halverson, Maurice E. De- 
meritt, Jr., and Gary L. Wade—USDA Forest Service 
2:30 p.m. 
Coating Weight Control Using Heuristics and S. P. C. 


John Walton—Armco Inc., and Bill Lewis* and Mike Lav- 
ender—Armco Steel Co. LP 

2:45 p.m. 

The Effect of Temperature Cycling and Humidity on the 
Properties of Conducting Adhesives 

M. H. Jeon, E. Dickey, H. C. Van Woert, Jr.,* K. Okazaki 
and P. J. Reucroft—University of Kentucky 

3:00 p.m. 

Controlling Permeability in Responsive Hydrogels 

Maria Palasis* and Stevin H. Gehrke—University of Cin- 
cinnati 

3:15 p.m. 

Phase Behavior of Novel Cellulose Ether Hydrogels 
David C. Harsh* and Stevin H. Gehrke—University of 
Cincinnati 

3:30 p.m. 

Sectional Business Meeting 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
J. Thomas Schrodt, Presiding 


8:00 p.m. 

Liquid to Solid Nucleation Phenomena 

Kazi R. Javed—University of Kentucky, Hazard Com- 
munity College 

8:15 p.m. 

Optical and Scanning Electron Microscope (SEM) Micro- 
graphs of Conducting Adhesives for Use in Surface Mount 
Technologies (SMT) 

M. H. Jeon, E. Dickey,* H. C. Van Woert, Jr., K. Okazaki 
and P. J. Reucroft—University of Kentucky 

8:30 p.m. 

The Accuracy of Fan Pressurization Devices in Measuring 
the Air Leakage of Residential Buildings 

William E. Murphy,* Donald G. Colliver, and Larry R. 
Piercy—University of Kentucky 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 


HEALTH SCIENCES SECTION 
Joseph Hamburg, Chairperson 
NS 423 
Friday, 9 November 1990 
3:30 p.m. 
Refreshments 
4:00 p.m. 
Plenary Session 
University Center Auditorium 
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Saturday, 10 November 1990 


9:30 a.m. 

Refreshments 

10:00 a.m 

Annual Business Meeting 
University Center Auditorium 


Saturday, 10 November 1990 
Joseph Hamburg, Presiding 
1:00 p.m 
Nutritional Assessment of NKU Students: Dietary Disaster 
or Satisfactory Sustenance? 
Debra K. Pearce—Northern Kentucky University 
1:30 p.m 
Swine Transmissible Gastroenteritis—Protection Without 
Conventional Vaccination Afforded by Administration 
of Viral Specific Oligoribonucleopeptides to Neonatal 
Pigs 
Greg Wilson—University of Kentucky, Hazard Commu- 
nity College 


AGRICULTURAL SCIENCES SECTION 


Robert J. Barney, Chairperson 
NS 430 


Friday, 9 November 1990 
Robert J. Barney, Presiding 


SYMPOSIUM 
Kentucky, Agriculture, and Water Quality 


2:30 p.m. 

Introduction 

Robert J. Barney—Kentucky State University 

2:35 p.m. 

Overview of Kentucky Agriculture and Water Quality 

Joe Taraba—University of Kentucky 

2:50 p.m. 

Current Status of Agricultural Nonpoint Source Pollution 
in Kentucky 

William Witt—University of Kentucky 

3:10 p.m. 

Water Quality and the Environment: Real vs. Perceived 
Risks 

Matthew E. Byers—Kentucky State University 

3:40 p.m. 

Sectional Business Meeting 

3:45 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 


9:30 a.m. 
Refreshments 


10:00 a.m. 
Annual Business Meeting 
University Center Auditorium 


INDUSTRIAL SCIENCES SECTION 


William P. Hettinger, Jr., Chairperson 
Estel M. Hobbs, Secretary 
NS 427 


Friday, 9 November 1990 
William P. Hettinger, Jr., Presiding 


1:00-2:00 p.m. 

Joint Session of Engineering and Industrial Sciences Sec- 
tions Interaction of Industry and Academe 

1:00 p.m. 

Welcome and Opening Remarks 

William P. Hettinger, Jr—Ashland Petroleum 


1:10 p.m. 

How Interaction with Industry Stimulates Fundamental 
Research 

H. Ted Davis—Head of the Chemical Engineering and 
Material Science Department, University of Minnesota 


Interactions between industrial and academic colleagues 
concerned with the resolution of scientific issues raised 
by practical problems frequently lead to advancements 
in basic science. Three case studies are described which 
illustrate this point and which demonstrate the intellec- 
tual value of deriving long-ranged Ph.D. thesis research 
projects from problems whose solutions could advance 
technology. The work to be described involves the in- 
troduction of percolation theory into the description of 
multiphase flow in porous media, the determination of 
the role of fluid microstructure in surfactant formula- 
tions and in enhancing oil recovery, and the illumination 
of the role of fractals in the fluid holding capacity of 
natural sandstones and clayey soils. 


Friday, 9 November 1990 
Estel M. Hobbs, Presiding 
Industrial Sciences Section 


2:00 p.m. 

Crystal Structures of Pt-Sn-Alumina Catalysts Using Elec- 
tron Microdiffraction Technique 

Ram Srinivasan* and Burtron H. Davis—Center for Ap- 
plied Energy Research 

2:15 p.m. 

Comparative Study of Several Methods for the Determi- 
nation of Free Amino Acids in Tobacco 

J. H. Lauterbach,* S. C. Moldoveanu, and T. H. Burch— 
Brown & Williamson Tobacco Corporation 

2:30 p.m. 

Catalytic Coprocessing a Western Kentucky Tar Sand Bi- 
tumen and #9 Coal in a 1/8 TPD Pilot Plant 

Burtron H. Davis* and Robert A. Keogh—Center for Ap- 
plied Energy Research 
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2:45 p.m. 

The Auto/Oil Air Quality Improvement Research Pro- 
gram 

Estel M. Hobbs—Ashland Oil Inc. 

3:00 p.m. 


Activation of Thiophenes by Iron and Ruthenium Organo- 
metallic Complexes 

Ann E. Ogilvy—Dow Corning Corporation 

3:15 p.m. 

Sectional Business Meeting 

3:30 p.m. 

Refreshments 

4:00 p.m. 

Plenary Session 

University Center Auditorium 


Saturday, 10 November 1990 
Burtron H. Davis, Presiding 


8:30 a.m. 

Creativity, a Patent Attorney’s View: What It Is and How 
to Develop It 

Stanley M. Welsh—Ashland Oil, Inc. 

8:45 a.m. 

Capillary Rheometry of Heavy Isotropic Petroleum Pitch 

Michael B. Sumner—Ashland Carbon Fibers Division 

9:00 a.m. 

An Isotope Tracer Study of Conversion of n-Propylene 
Cyclopentane and n-Propyl Cyclopentane with a Pt/ 
Zeolite L Catalyst 

Chen-Shi Huang* and Burtron H. Davis—Center for Ap- 
plied Energy Research 

9:15 a.m. 

Process for Reducing Automotive Port Fuel Injector De- 
posits 

Victor Kersey—Ashland Petroleum Co. 

9:30 a.m. 

Refreshments 

10:00 a.m. 

Annual Business Meeting 

University Center Auditorium 


KENTUCKY JUNIOR ACADEMY OF SCIENCE 
Winning Papers from the KJAS Spring Symposium 


Randall Sale, Chairperson 
NS 102 


Friday, 9 November 
Randall Sale, Presiding 


1:30 p.m. 

Evolution of Carbon Dioxide by Saccharomyces cerevisiae 
in the Presence of Organic Acids 

Lara Rymarquis—Notre Dame Academy 


1:45 p.m. 

The Effects of Ultrasound and Electrical Current on the 
Competence of E. coli Cells 

Sarah Cho—Notre Dame Academy 

2:00 p.m. 

The Effects of Acid Rain on the Chlorophyll Content of 
Radish Leaves 

John Hafner—Southside Middle School 

2:15 p.m. 

Factors Affecting the Reading of Geometrically Inverted 
Text 

Dawn Lam—Notre Dame Academy 

2:30 p.m. 

The Iron Thionine Photogalvanic Cell 

Jay Dickerson—Southside Middle School 

2:45 p.m. 

Studies of an Oscillating Hydrogen Peroxide—Potassium 
Thiocyanate Reaction 

Christine Readnour—Notre Dame Academy 

3:00 p.m. 

How a Propellor’s Shape and Angle of Attack Affect the 
Windmill’s Ability to Produce Electricity 

Brent Mann—Southside Middle School 


Saturday, 10 November 
Randall Sale, Presiding 


8:30 a.m. 

What Effects Do CO, and UV Light Have on Ambient 
Air Temperature? 

Brent Clark—South Junior High School, Henderson County 

8:45 a.m. 

Comparing Learning Styles: LD vs. Non-LD Students 

Carrie Sights—South Junior High School, Henderson 
County 

9:00 a.m. 

A One-Year Study of the Coliform Bacteria Population of 
the Green River in Casey County 

Donna Holder—Casey County High School 

9:15 a.m. 

Rhizobium Nodule Formation in Pisum sativum in Vary- 
ing pH 

Stacey Hines—Casey County High School 

These students will present their winning papers at the 
Annual Meeting of the American Junior Academy of 
Science (sponsored by AAAS) in Washington, D.C. in 
February 1991. 


POSTER PRESENTATIONS 
University Center Mezzanine 


SECTIONAL POSTERS 


— 


Fatty Acid Content of Loblolly Pine Seedlings Treated 
with Low and High Nitrogen Concentrations and Low 
Temperature 

J. H. Melhuish, Jr.* and B. Wong—USDA Forest Ser- 
vice, and D. Hildebrand—University of Kentucky 
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Nitrogen Uptake by Paulownia tomentosa Seedlings 
as Affected by Nitrogen Form and N and P Concen- 
tration 

J. H. Melhuish, Jr.—USDA Forest Service, C. E. Gen- 
try—Berea College, and M. E. D. Wheeler*—USDA 
Forest Service 


Biological Effects of Long Duration Space Exposure 
on Tomato Seeds 

T. Bennett,* C. Hubbuch, C. Porter, M. Scheler, D. 
Weaver, and W. Tietjen—Bellarmine College 
Synthesis and Reactivity of a Lithiated Tertiary Meth- 
ylphosphine 

J. P. Selegue—University of Kentucky and J. H. Nie- 
wahner*—Northern Kentucky University 

The State-Selected Reactivity of Photofragments Gen- 
erated from Sulfur Dioxide, Carbonyl] Sulfide, and Car- 
bon Disulfide 

Alan Goren,* Si Lai—Transylvania University, Jeffrey 
Appling, Margaret Fenwick—University of Kentucky, 
and Richard Edgington—Rockhurst College 

Organic Synthesis and Spectroscopy at the Microscale 
Melinda Lyons,* Laura Elrod, and R. W. Holman— 
Western Kentucky University 

Metal Hydride Reductions of Bifunctional Organics: 
Selectivity vs. Reactivity 

Katrina Smith,* Robert Beauvais, and R. W. Holman— 
Western Kentucky University 

Appalachia from the Air—A Bird’s Eye View 

David K. Hylbert* and Maurice Esham—Morehead 
State University 

The Thrifty Rat 

David E. Hogan* and Louis Noyd—Northern Ken- 
tucky University 


Behavioral Correlates of Progesterone Implant Re- 
moval in Captive Ruffed Lemurs (Varecia variegata) 
Natalie L. Jacobs*—Centre College, Valerie Haft— 
Louisville Zoo, and Brent C. White—Centre College 


Assessing Social Status Through Instantaneous Scan 
Sampling in Captive Woolly Monkeys (Lagothrix lago- 
tricha) 

Anne Ellison,* Theresa M. Foster, and Brent C. White— 
Centre College 


Kentucky's Endangered Species: A Display Presenta- 
tion for Kentucky's Pesticide Applicator Training Pro- 
gram 

Monte P. Johnson* and Lee H. Townsend—University 
of Kentucky 


Avoidance of Snake Odors by the Salamanders, Am- 
bystoma jeffersonianum and Notophthalmus virides- 
cens 

Paul V. Cupp, Jr.*—Eastern Kentucky University 

A Study of Selected Factors Affecting Dental Treat- 
ment of Nursing Home Patients 

Caroline R. Hurley* and Arthur Van Steward—Uni- 
versity of Louisville School of Dentistry 


NSF—RESEARCH EXPERIENCES FOR UNDERGRADUATES IN 


15 


18 


22 


23 


24 


25 


26 


MEMBRANE SCIENCES 
University of Kentucky 
Leonidas Bachas, Coordinator 


Membrane Adsorption and Enzymatic Degradation of 
Substituted Phenols 

Laurie Bebout,* H. Williams, and D. Bhattacharyya— 
University of Kentucky 

A Study of Benzene Adsorption in a Polyethylene 
Membrane Using a Liquid Scintillation Counter 
Michael Diaz,* M. Jay, and D. Bhattacharyya—Uni- 
versity of Kentucky 

Self-Regulated Membrane Release of Insulin 
Deborah Geyman* and K. Ward—University of Ken- 
tucky 

Effect of Fluid Dynamics on Detachment Properties 
of Transformed Cell Membranes 

Mina Hosseinpour* and K. Ward—University of Ken- 
tucky 

Anion-Selective Electrodes Based on Poly( Vinyl Chlo- 
ride) Membranes Doped with Diphosphonium Salts 
Vivian Santelices*—Eastern Kentucky University and 
V. J. Wotring and L. G. Bachas—University of Ken- 
tucky 

Effect of DDT and Related Compounds on the Physical 
State of Membranes 

Rebecca Sutton*—Georgetown University, S. Um- 
hauer, and D. A. Butterfield—University of Kentucky 
Use of X-Ray Fluorescence in Studying Absorption 
Rates of Insulin 

Michelle Vogt*—Transylvania University and M. Jay— 
University of Kentucky 

Anion-Selectivity Properties of Electropolymerized 
Porphyrin Films 

Shelley Wallace*—Transylvania University, A. Flovi- 
do, S. Daunert, and L. G. Bachas—University of Ken- 
tucky 


NSF Younc SCHOLARS 
Western Kentucky University 


Valgene Dunham, Coordinator 


The Isolation and Characterization of DNA from Leaves 
of Space Tomato Plants as Compared to Earth Tomato 
Plants 

Michelle Adcock—Calloway County High School 
The Demonstration of Heinze Bodies in Erythrocytes 
from Hemoglobin Zurich 

Priscilla Corder—Monticello High School 

A Comparison of Rubisco Activity in the Leaves of 
Field Grown Space and Earth Tomato Plants 

Claire Davies—Franklin County High School 
Separation of Nucleases from Unclear Proteins Using 
Deae-Cellulose Chromatography 

Andrea Dickerson—Gallatin County High School 
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27 Inhibiting Protein Translation using Antisense RNA 
Robert Holder—Russell High School 

28 A Study of Erythrocytes from Individuals Expressing 
Hemoglobin Zurich 
Sam Kreis—Williamsburg High School 

29 The Effects of Lead on Ribulose 1,5 Biphosphate Car- 
boxylase Activity in Young Leaves of Earth and Space 
Tomatoes 
Traci Logsdon—Hart County High School 

30 A Study of in vitro Cultures of Leukocytes Isolated 
from Hemoglobin Zurich Patients as Compared to Nor- 
mal Individuals 
Jennifer Mayes—Todd County Central High School 

31 The in vitro Incorporation of Calf Thymus DNA into 
Erythrocytic Plasma Membrane Vesicles 
Bethany Miller—Metcalfe County High School 

32 Determination of the Primary Nucleotide Sequences 
of the Southern Bean Mosaic Virus-Bean Strain 
Scott Moulder—Henry Clay High School 

33 Rubisco Activity in Fruits and Stems of Tomatoes Ger- 
minated from Seeds Experiencing Long Term Radi- 
ation Exposure in Space 
Theresia Perryman—Pleasure Ridge Park High School 


34 The Effects of Lead Toxicity on Rubisco Activity in 


Older Leaves of Space Tomatoes vs. Earth Tomatoes 
Erik Prentice—Saint Xavier High School 

35. The Inhibition of Protein Translation Using Antisense 
RNA 
Jennifer Scheler—Eastern High School 


36 Inhibiting Protein Translation with Antisense RNA 
Eric Sexton—Madison Central High School 

37 The Isolation of Plasma Membranes with 5’ Nucleotidase 
as a Marker 
Billie Threlkeld—Webster County High School 

38 Mutational Analysis of SBMV Protease 
Michael Ticknor—East Carter High School 


39 Chloroplastic DNA Polymerase-y Activity on Various 
Template Primer Systems in Solutions of Manganese 
and Magnesium 
Samuel R. Weiler—Middlesboro High School 

40 Inhibition Studies on DNA Polymerase Gamma 
Andrea Wilkerson—Campbellsville High School 

41 The Effects of Sethoxydim on Isolated Chloroplast from 
Johnson Grass (Sorghum halense) 

Damon Williams—Western High School 

42 The Effects of Nucleases on DNA Substrates 

Matthew Wright—Green County High School 


ABSTRACTS OF SOME PAPERS PRESENTED AT THE 
ANNUAL MEETING, 1990 


BOTANY & MICROBIOLOGY 


Biological effects of long duration space exposure on 
tomato seeds. T. BENNETT,* C. HUBBUCH, C. POR- 
TER, M. SCHELER, D. WEAVER, and W. TIETJEN, 
Department of Biology, Bellarmine College, Louisville, 
KY 40205. 

Rutgers California Supreme Tomato (Lycopersicon ly- 
copersicum) seeds were flown aboard NASA’s Long Du- 
ration Exposure Facility (LDEF) from 6 Apr 1984 to 20 
Jan 1990; a ground-based control seed group was main- 
tained at Park Seed Company laboratories. A sample of 
space-flown seeds from NASA Canister No. 5 was used in 
this study. The seeds were packed in Dacron bags arranged 
in four layers (from near the exterior of the LDEF to the 
interior) within the canister and were thus exposed to 
various thermal and radiation conditions. Some seeds were 
cultured and examined for differences in microbial flora; 
the remainder was sown on either gelatin or potting soil. 
The resulting seedlings were transplanted into individual 
pots and later planted in two outdoor fields. An additional 
group of seeds was grown hydroponically in an environ- 
mentally regulated growth chamber. Control and exper- 
imental groups were compared as to vegetative growth 
(root/stem length and diameter, internodal distances, leaf 
counts, dry weight) and reproduction (flower count, fruit 


size and weight). Data suggest that space-flown seeds differ 
from the ground-based controls in germination rate and 
size measures during early growth, but environmental ef- 
fects mask the treatment effects in older plants. 


Sexual reproduction in Gonium dispersum. THERESE 
ANN C. DOWDY,* MARY BLAKEFIELD, and DENNY 
O. HARRIS, School of Biological Sciences, University of 
Kentucky, Lexington, KY 40506. 

Preliminary studies of this new species of Gonium have 
looked at several aspects of sexual reproduction. This study 
has examined mating, zygote production, and zygote ger- 
mination. This species exhibits unusual mating behavior 
and produces two different types of zygotes. 


Planktonic primary productivity in a restored eastern 
Kentucky swamp: a comparison of measurement tech- 
niques. DEBORAH C. HOWES* and BRIAN C. REED- 
ER, Department of Biological and Environmental Sci- 
ences, Morehead State University, Morehead, KY 40351. 

Primary productivity was measured in two shallow ponds 
in the Rowan County Sphagnum Swamp during 1990. Two 
methods of measuring gross and net primary productivity 
were used: the diurnal metabolism method, and the light 
bottle-dark bottle incubations. Notable shifts in dissolved 
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oxygen measurements were noted using both methods. No 
appreciable shift in pH was seen over the 24 hr periods. 
The diurnal method gave more consistent results than the 
light bottle-dark bottle method; it also gave more realistic 
respiration estimates. This may be due to inherent prob- 
lems in enclosing a community in a bottle. Productivity 
to respiration ratios and ecological efficiency were also 
inconsistent. We suggest that the diurnal metabolism 
method is the most effective method for estimating net 
and gross primary productivity in shallow water environ- 
ments 


Changes in fossil-diatom assemblages and water level 
of Anangucocha, a 3,500-yr-old lake in Ecuador. VICKI 
MARTIN-KIER* and MIRIAM STEINITZ-KANNAN, 
Department of Biological Sciences, Northern Kentucky 
University, Highland Heights, KY 41076. 

Fossil-diatom analysis of a core dating to 3100 BP from 
Anangucocha, a black-water lake in the Amazon Basin of 
Ecuador, reveals marked changes in the fossil-diatom as- 
semblages and several periods of flooding. These changes, 
when compared to palaeolimnological and palynological 
data obtained from the same core, offer evidence (replete 
with the resultant variations in vegetative communities 
and environmental factors) to indicate that the Amazonian 
Basin experienced climatic fluctuations during the late 
Holocene. 


A preliminary description of the algal communities of 
Heliconia spp. from four life zones of Costa Rica. VICKI 
MARTIN-KIER* and THOMAS C. RAMBO, Department 
of Biological Sciences, Northern Kentucky University, 
Highland Heights, KY 41076. 

Heliconia spp., herbaceous monocotyledons and con- 
spicuous plants of successional areas in the tropics, was 
studied and sampled to determine the algal communities 
with which it is associated. Specimens were selected in 
each of four life zones: Atlantic coastal Tropical Wet For- 
est, Pacific coastal Tropical Wet Forest, Premontane Rain 
Forest, and Tropical Premontane Wet Forest (warm tran- 
sition into Tropical Wet Forest). Preliminary analysis of 
the samples revealed several species of Bacillariophyceae 
including Navicula contenta var. biceps (Arn.) V. H., N. 
mutica Kutz. var. mutica, N. muralis Grun. var. muralis, 
N. minima Grun. var. minima, and Melosira roeseana 
Rabh. Modern analogs of the phytoliths specific to Heli- 
coniaceae have also been identified. 


Tortula norvegica (Web.) Wahl. ex Lindb. in Ken- 
tucky—-a new moss for southeastern United States. ALLEN 
C. RISK, Department of Biological and Environmental 
Sciences, Morehead State University, Morehead, KY 40351. 

Tortula norvegica is newly reported for southeastern 
United States from Estill County, Kentucky. Typical hab- 
itat for the species is limestone soil and rocks in coniferous 
forests. It is found throughout the Rocky Mountains and 
also occurs in various parts of Canada. The closest sites to 
the Kentucky population are found on several islands in 


Lake Erie. The Estill County site is on a narrow limestone 
ridge with sparse vascular plant cover. Co-occurring vas- 
cular species include Arenaria patula, Rhus aromatica, 
Quercus muehlenbergii, and Juniperus virginiana. Co- 
occurring moss species include Pleurochaete squarrosa, 
Grimmia alpicola, and Rhytidium rugosum. 


Primary productivity and plant community structure of 
a restored eastern Kentucky swamp. ERIC C. WEBB* and 
BRIAN C. REEDER, Department of Biological and En- 
vironmental Sciences, Morehead State University, More- 
head, KY 40351. 

Primary productivity and species composition were 
measured for the vascular plants in Rowan County Sphag- 
num Swamp during 1990. Net primary productivity av- 
eraged 104 g m~°. Productivity ranged from a low of 60.3 
gm “in April to a high of 140.7 g m~ in July. Data for 
plant community structure changes suggest that restora- 
tion is incomplete. Although recently restored, Spring (April 
and May) community structure consisted of typical wet- 
land species: dominated by Juncus effusus, Iris virginica, 
and Carex crinita. Water levels in the wetland dropped 
considerably in July and August and dominance changed 
to Panicum spp. and Juncus spp. The change in com- 
munity stucture may be related to hydrologic changes in 
the wetland 


CHEMISTRY 


A novel method for determining transdermal drug ab- 
sorption rates. ELIZABETH FERGUSON,* J. DAVID 
ROBERTSON, and MICHAEL JAY, Department of 
Chemistry, University of Kentucky, Lexington, KY 40506- 
0055. 

Transdermal drug (TDD) delivery methods are useful 
for the parenteral administration of many compounds. 
TDD systems provide constant plasma concentrations and 
better patient compliance and allow for quick removal of 
the drug in case of adverse reactions. The development of 
new TDD systems is, however, greatly hindered by the 
absence of an accurate, non-invasive measurement tech- 
nique for determining the in vivo absorption rate produced 
by the system. We investigated the viability of using X-ray 
fluorescence (XRF) to measure TDD absorption rates in 
vivo. Initially, fluorescence yields from paraffin biological 
phantoms with various concentrations (3-1,000 ug/cm?) 
of two drugs, iodochlorohydroxyquin and bromoestrogen, 
were evaluated. The fluorescence yields were found to be 
linear over this concentration range. An in vivo study of 
the absorption of 5-iodouracil (51U) in female Sprague- 
Dawley rats was then undertaken. The absorption of 51U 
was followed by XRF measurements for up to 100 h. The 
drug absorption demonstrated zero-order kinetics; a range 
of absorption rates from 81 to 189 wg/cm?-h was observed 
in five cases. 


Rapid multielemental determination of trace elements 
in bone tissue. D. L. SAMUDRALWAR* and J. DAVID 
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ROBERTSON, Department of Chemistry, University of 
Kentucky, Lexington, KY 40506-0055. 

Bone tissue is known to reflect long-term dietary habits 
and environmental exposure for many trace elements. Pro- 
ton induced X-ray and gamma-ray emission analysis (PIXE 
and PIGE) is being employed for trace element deter- 
mination of bone samples from Alzheimer’s disease pa- 
tients to investigate the long term trace-element exposure 
of these individuals. Synthetic bone standards were pre- 
pared from hydroxyapatite (3-Ca,(PO,),-Ca(OH),) and 
single and multi-element NIST standards solutions. The 
X-ray and gamma-ray yields from these synthetic stan- 
dards were determined with external proton beams whose 
energies ranged from 2.2 to 4.4 MeV. The highest peak- 
to-background ratios in the X-ray spectra for elements with 
Z < 50 were obtained at the lowest bombarding energy. 
The large dead time (>80%) in the X-ray detector gen- 
erated by the high count rate of Ca X-rays was reduced 
to less than 5% by interposing a 0.7 mm thick mylar filter 
between the sample and detector. Results of the analyses 
of bone autopsy samples from Alzheimer’s disease patients 
were discussed. 


Oxidation of styrene by ethanolic palladium (II). ALAN 
J. SIMMONS,* DARWIN B. DAHL, and WILLIAM G. 
LLOYD, Department of Chemistry, Western Kentucky 
University, Bowling Green, KY 42101. 

Alcoholic palladium(II) solutions are powerful oxidizing 
agents. At low levels [less than 0.010 M] of Pd(II) and in 
the presence of a reoxidant, homogeneous catalytic oxi- 
dations can be carried out under mild conditions. The 
overall reaction of an alkene yields a carbonyl compound: 
RCH=CH, + % O, + RCOCH,; or RCH,CHO. Styrene 
in ethanol is readily oxidized at 10-40°C and atmospheric 
pressure, yielding as the principal product the diethyl ac- 
etal of phenylacetaldehyde. The main byproduct is ace- 
tophenone. The reaction is conveniently monitored by fol- 
lowing the oxygen pressure drop in a closed system. Product 
and byproduct distributions have been followed by gas 
chromatography. Identifications have been made by ex- 
amining spectra obtained by GC-MS. The effects of vary- 
ing the concentrations of styrene, Pd(II) catalyst, and Cu(II) 
reoxidant and of varying the partial pressure of oxygen 
have been measured, and the overall activation energy 
determined. A possible mechanism is presented. 


COMPUTER SCIENCE 


Selection methods for simple PLA folding. BILL JANE- 
WAY* and PATRICIA COSTELLO, Department of 
Mathematics, Statistics, and Computer Science, Eastern 
Kentucky University, Richmond, KY 40475. 

Simple column folding for PLAs consists of either input 
column folding or output column folding. Hatchel, New- 
ton, and Sangiovanni-Vincentelli developed a heuristic for 
the optimal simple column folding for PLAs (the optimal 
folding problem is NP-complete). In their algorithm, one 
must have a selection policy to select the two columns to 


try to combine next. We have studied their recommended 
selection policy as well as several others. For non-sparse 
PLAs none of the selection criteria we studied are statis- 
tically better than any other. However, we have found 
that in very sparse PLAs a selection criteria using the 
inverse of the personality density for live intervals is sta- 
tistically better than several selection policies including 
the one they recommend. 


Development and evaluation of a cs] laboratory course. 
CAROL W. WILSON, Department of Computer Science, 
Western Kentucky University, Bowling Green, KY 42101. 

I was asked to develop the Pascal lab course at Western 
Kentucky University for fall semester 1989. Because ap- 
propriate written material was not available, I developed 
my own set of assignments that could be used with any 
standard CS1 Pascal textbook. The laboratory course was 
well received by the students and has now been tested for 
4 semesters. This paper explores the background of the 
lab movement, development of the course, philosophy of 
the exercises, management of the lab, and an evaluation 
of the course. 


ENGINEERING 


Liquid to solid nucleation phenomena. KAZI R. JAVED, 
Hazard Community College, Hazard, KY 41701. 

Nucleation studies in supercooled liquid metals have 
received considerable attention in the past 3 decades. Most 
present-day understanding of liquid to solid phase tran- 
sition is based on the classical theory of homogeneous nu- 
cleus formation. However, convincing experimental proof 
of classical nucleation theory has not been established. In 
an attempt to observe homogeneous nucleation in liquid 
metals the small droplet concept has been used widely. 
The apparent agreement between the experimental su- 
percoolings and that predicted by the classical theory is 
thought to be fortuitous. In order to support the classical 
homogeneous nucleation theory, it is necessary to show 
that the nucleation frequency scales with the volume of 
the droplet. Recent experiments suggest that supercoolings 
in the range of 0.3-0.5 Tm (the absolute melting tem- 
perature) can be achieved in most low melting tempera- 
ture metals which is much higher than the 0.2 Tm limit 
predicted by the classical theory. Results also indicate that 
nucleation rate scales with the droplet diameter. The im- 
plications of these results on the classical nucleation theory 
is discussed. 


The accuracy of fan pressurization devices in measuring 
the air leakage of residential buildings. WILLIAM E. 
MURPHY, DONALD G. COLLIVER, and LARRY R. 
PIERCY, Agricultural Engineering Department, Univer- 
sity of Kentucky, Lexington, KY 40546. 

Infiltration of outdoor air accounts for 20-50% of house 
energy losses during a heating season. Predicting air in- 
filtration is the least accurate of all building heat-loss cal- 
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culations, due to variations in house construction and the 
tightness of fit of the building components. The infiltration 
characteristics of a house can be determined be several 
experimental means, perhaps the most convenient being 
a fan pressurization device (FPD), or “blower door.” There 
are accepted standards for how the leakage tests are to be 
conducted and the results analyzed, but no similar stan- 
dards for the construction of the FPDs themselves. The 
manufacture of FPDs does not represent a large market, 
but state and local building standards may specify their 
use for code compliance, so an understanding of their 
accuracy is needed to validate their results. This test used 
four different FPDs with three different operators to con- 
duct round-robin tests on four different houses according 
to accepted test standards. The test results were analyzed 
for significant trends using a procedure for inter-laboratory 
test programs. The results indicate that subtle errors in fan 
calibration or operator technique become greatly exag- 
gerated when the air flow results are extrapolated to a 
house pressure of 4 Pa, which is the assumed average 
natural house pressure. At that pressure, the results varied 
over a range of +40%, with the impact of the operators 
being about +5% or less. In most cases the variability due 
to the operator was statistically negligible. 


GEOLOGY 


Diagenetic sequence and porosity modifications in Eo- 
cene Yegua Formation hydrocarbon reservoirs, Wharton 
County, Texas. EDWARD L. CRISP,* Department of 
Physical Sciences, Morehead State University, Morehead, 
KY 40351, and RICHARD VESSELL, David K. Davies 
and Associates, Kingwood, TX 77339. 

Subsurface sandstones of the Eocene Yegua Formation 
of northern Wharton County, Texas, are medium to very 
fine-grained, moderately well sorted to well sorted, subar- 
kosie arenites to sublitharenites deposited in wave-domi- 
nated delta complexes and strandplain- shoreface sequenc- 
es. These sandstones, typically laminated with shale, contain 
abundant grain coating and pore-filling authigenic clay 
(as high as 25% of bulk rock volume). 

Petrographic analyses were made of 93 samples from 
sidewall cores and one conventional core, taken in 20 wells 
from the Yegua trend of northern Wharton County. Stan- 
dard petrographic techniques were used to determine grain 
composition, grain size, cement and matrix composition, 
and sorting. The mineralogic content of the fine compo- 
nent within the samples was determined by x-ray diffrac- 
tion analysis of the less than 5 um size fraction for each 
sample. The distribution of the matrix and cement com- 
ponents within the pore system was determined by scan- 
ning electron microscopy. 

These sandstones have undergone four primary stages 
of diagenesis and porosity modification: (1) initial com- 
paction and precipitation of authigenic clay coats (Chlo- 
rite) around the grains, porosity reduced by 5-10 porosity 
units (P.U.); (2) precipitation of quartz overgrowths on 
quartz grains, porosity reduced 2-5 P.U.; (3) dissolution 


and/or alteration of unstable grains, predominantly 
K-feldspar and Na-feldspar, porosity enhancement 2-10 
P.U.; and (4)precipitation of authigenic phyllosilicates, 
predominantly kaolinite with minor amounts of illite and 
chlorite, precipitation of minor amounts of calcite, Fe-rich 
dolomite, and pyrite, and partial replacement of feldspar 
by calcite, porosity reduced by 5-15 P.U. 


Geological evaluation and rock quality assessment dur- 
ing the tunneling phase of the FHWA’s Cumberland 
Mountain Tunnel Project at Cumberland Gap, KY/TN/ 
VA. CLAUDE S. DEAN,* ROY C. KEPFERLE, and 
TODD D. ALFREY, Department of Geology, Eastern 
Kentucky University, Richmond, KY 40475. 

The Eastern Kentucky University (EKU) Department 
of Geology maintains an active research interest in the 
Federal High Administration’s (FHWA’s) ongoing Cum- 
berland Mountain Highway Tunnel Project adjacent to 
Cumberland Gap. Graduate students and faculty continue 
to exploit the access provided by the existing pilot bore to 
conduct geological studies in the areas of regional stratig- 
raphy, karst hydrogeology, carbonate petrology, and 
groundwater geochemistry. Some of the results were pre- 
sented in the guidebook of the 1989 field conference of 
the Geological Society of Kentucky (GSK) and at the 1989 
Annual Meeting of the KAS. Involved parties engaged 
several of the faculty as professional consultants. Encour- 
aged by the FHWA, the EKU department submitted a 
subcontract proposal to all eligible bidders on the tunneling 
phase of the project to satisfy the FHWA’s contract spec- 
ifications requiring concurrent geological mapping of 
stratigraphic and structural features, interpretation of the 
same, evaluation of water influx, and assessment of “rock 
mass characteristics.’” These characteristics include several 
geotechnical parameters that together provide a quanti- 
tative estimate of rock quality or strength (overall), on 
which critical engineering decisions, e.g., support cate- 
gory, are based. Tunnel excavation is scheduled to com- 
mence this fall and continue for 2 yr or more. Should our 
proposal be accepted by the successful bidder, we will 
present a progress report. In any event, preliminary con- 
clusions of the third author’s current groundwater geo- 
chemistry study will be aired. 


Dolomitization, cementation, and porosity evolution of 
the Silurian (Wenlockian) Laurel Dolomite in Kentucky 
and southeastern Indiana. R. TODD HENDRICKS* and 
STEPHEN O. MOSHIER, Department of Geological Sci- 
ences, University of Kentucky, Lexington, KY 40506-0059. 

Sedimentologic, petrographic, and geochemical studies 
of the Laurel Dolomite in Kentucky and southeastern In- 
diana have revealed evidence that Laurel dolomitization 
was a predominantly syngenetic process related to early 
precipitiation and/or replacement of dolomite from nor- 
mal seawater or evaporative brines. Features indicative of 
peritidal to supratidal sedimentation in an arid climate 
are present. These include cryptalgalaminites, dessication 
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features, and small vugs containing replacive, euhedral 
quartz crystals bearing distinct zones of anhydrite inclu- 
sions. Sediment and cryptalgalaminites exhibit displace- 
ment and/or brecciation around such vugs, resembling 
that which occurs around nodules forming in unconsoli- 
dated sediments before significant compaction. These fea- 
tures probably represent former nodular or “chicken-wire” 
anhydrites similar to those forming in modern, Persian 
Gulf sabkhas. Stable isotope analyses (C!? and O!*) of Lau- 
rel dolomites are compatible with values expected in dolo- 
mites formed in near-surface evaporative marine environ- 
ments and later recrystallized with meteoric fluids at higher 
temperatures. Porosity evolution in the Laurel was con- 
trolled by early cementation and subsequent dolomitiza- 
tion process(es). A late generation of limpid dolomite par- 
tially fills pores in all lithofacies. However, at least two 
generations of coarse calcite cements are the major po- 
rosity-reducing components. A tentative paragenetic se- 
quence for the Laurel, based on petrographic examination 
with thin-section staining and cathodoluminescence tech- 
niques includes: (1) dolomite matrix, (2) gypsum or an- 
hydrite, (3) dolomite cement, (4) pyrite and sphalerite, (5) 
chert and quartz, (6) pressure solution, (7) exposure and 
karst associated with the Devonian unconformity, (8) 
“dogtooth spar” calcite, and (9) equant, scalenohedral cal- 
cite. 


Clay mineral distribution in the Crab Orchard For- 
mation (Middle Silurian) of northeastern Kentucky. ROB- 
ERT T. LIERMAN* and AGNES R. MANLEY, Depart- 
ment of Physical Sciences, Morehead State University, 
Morehead, KY 40351. 

The upper part of the Crab Orchard Formation (Estill 
Shale Member) was examined in east-central Kentucky in 
the Colfax 7.5’ quadrangle. The exposure selected (Knob 
Lick) was along an area that formed hummocky and gul- 
lied slopes, resembling a “Bad Land” topography. The 
upper Crab Orchard at this locality is a greenish-gray to 
gray, flaggy to platy mudshale with scattered, very thin 
beds of fine-grained dolostone. This exposure was ca. 15 
m thick; 16 spot samples were collected at 1 m intervals. 
Samples were disaggregated in a dilute solution of am- 
monium hydroxide and water and placed in a blender for 
10 min. The particle size distribution of the resulting slurry 
was analyzed using the pipette method and Stokes Law. 
The <2 wu fraction was extracted, mounted under a vac- 
uum on ceramic plates, and mineralogically analyzed on 
a Phillips x-ray diffractometer. Analysis of the diffracto- 
grams revealed three distinct clay assemblages. These in- 
cluded a 7 A kaolinite, a 10 A mixed-layered assemblage 
of illite/smectite, and a 14.5 A Fe**+ rich variety of chlo- 
rite. Semiquantitative estimates of the relative clay min- 
eral abundance was determined using analytical tech- 
niques suggested by Griffin (1971). Kaolinite averaged ~6%, 
mixed-layered illite/smectite ~89%, and chlorite 5%. The 
mixed-layered illite/smectite consisted of ~65% illite and 
=24% smectite. Systematic changes observed in this se- 
quence from the base to the top of the section included a 


tendency for the percent of illite, chlorite, and very fine 
silt to decrease up-section. Concurrent with these trends 
was an increase in illite crystallinity and the percent of 
smectite up-section. 


A Silurian Age dysaerobic environment in northeastern 
Kentucky. CHARLES E. MASON,* AGNES R. MANLEY, 
and JOHN D. JONES, Department of Physical Sciences, 
Morehead State University, Morehead, KY 40351. 

The study area is on the Colfax 7.5 minute quadrangle, 
in Bath County, Kentucky. It consists of a badlands type 
of topography occurring in the Upper Shale Member of 
the Crab Orchard Formation (Silurian), which is underlain 
by the Brassfield Formation (Silurian) and overlain un- 
conformably by the Ohio Shale (Devonian). About 15 m 
of mudshale containing sparse, thin interbeds of dolomite 
are exposed in the Knob Lick Section. 

The purpose of this preliminary study was (1) to deter- 
mine the abundance, diversity, and stratigraphic position 
of the macrofauna and (2) to determine if it represented 
a dysaerobic fauna. 

Fifteen (5 kg) trench samples taken in 1 m intervals 
were collected for examination. Samples were dried, then 
either boiled in a bicarbonate of soda solution or placed 
in a varsol solution to break up the clays. After breakdown, 
the samples were washed through a number 20 sieve to 
catch the macrofossils. The fossils were picked, sorted, and 
identified, using a binocular microscope. 

The results of this study show that macrofossils are pres- 
ent throughout the interval and increase significantly in 
both abundance and diversity up section. The most abun- 
dant groups in decreasing order are crinoids, brachiopods, 
and gastropods. This same order of abundance occurred 
in surface collections. This macrofauna is similar to Upper 
Paleozoic dysaerobic faunas in being predominantly com- 
posed of juvenile forms preserved as pyritic steinkerns. 
Unlike the Upper Paleozoic dysaerobic faunas, the Knob 
Lick section is dominated by crinoids and brachiopods 
(sessile forms) rather than molluscs (vagile forms). The 
trophic structure is likewise different in that filter feeders 
predominate rather than deposit feeders or carnivorous 
and scavenging cephalopods. 


Petrographic analysis and environmental interpretations 
of the Mississippian Lower Newman Limestone (Big Lime) 
along and southeast of Pine Mountain. ERIC SCOTT JO- 
HANSON Department of Geology., University of Ken- 
tucky, Lexington KY 40503. 

A detailed petrographic analysis of the lower 250 ft of 
the Lower Newman Limestone (Big Lime) on the Pine 
Mountain thrust sheet reveals a wide variety of lithofacies. 
From field and petrographic data collected from outcrop 
and subsurface locations in Bell, Harlan, Letcher, and Pike 
counties in Kentucky I recognize three major lithofacies 
(listed from base): (1) dark grey, thick bedded mudstones 
with abundant chert nodules, (2) ooid-fossil grainstones (in 
portions up to 75% dolmitized), and (3) thickly interbed- 
ded mudstones and ooid packstones. The first major lith- 
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otype, made of a dark, fine grained massive micrite with 
numerous chert nodules, is almost devoid of fossils, indi- 
cating an environment of low energy and deep open shelf 
conditions. This lithotype becomes thicker to the southwest 
possibly due to a deepening of the basin or to increased 
subsidence in that direction. The second lithofacies is com- 
posed of coarse grained carbonate sand (this sand is com- 
posed mostly of ooid grains and crinoid fragments) with 
numerous cross beds. This indicates an environment of 
high energy, like that of a carbonate sand belt. The third 
lithotype is composed of a complex of mudstones (pre- 
dominant) and carbonate packstones. The mudstones con- 
tain numerous fossils (bryozoans, crinoids, bivalves, and 
algae) and are sparsely laminated, some showing signs of 
extensive bioturbation. The packstone (possibly transport- 
ed) usually contains 20-50% mud. The predominance of 
mud and the fossil content suggests that these rocks were 
deposited in a shallow, low-energy environment such as 
found in mud flats or lagoons. 


Siliceous dikes in Devonian and Mississippian shales, 
central Kentucky. LIM LING, Department of Geology, 
Eastern Kentucky University, Richmond, KY 40475. 

The siliceous dikes in the New Albany Shale and the 
Wildie Member of the Borden Formation are found in 
two distinct locations in central Kentucky. The dikes do 
not occur randomly throughout the shale and are the result 
of earlier diagenesis beginning with burial. The diagenetic 
processes in the siliceous dikes occurred as both replace- 
ment and cavity fillings. As replacement, inclusions or 
relict structures of the former minerals can be seen in the 
minerals that replaced them. As cavity fillings, relict struc- 
tures were not preserved because the original minerals 
were dissolved. The dikes in the New Albany Shale have 
undergone separate paragenesis from those in the shale of 
the Wildie Member of the Borden Formation. The para- 
genesis of the dikes in both units exhibit similar steps of 
diagenesis in fracture filling by gypsum, gypsum conver- 
sion to anhydrite, replacement of anhydrite by quartz, and 
silicification. The paragenesis differs in the dolomitization 
and chert-carbonate reversal, which occur only in the dikes 
in the New Albany, and in the carbonate cementation that 
occurs only in the Wildie dikes. 


Silurian (Wenlockian) trace fossils (Rusophycus) of the 
Bisher Formation, northeastern Kentucky: evidence of tri- 
lobite predation upon infaunal worms. DANIEL J. 
PHELPS,* R. TODD HENDRICKS, and ANNA E. WAT- 
SON, Department of Geological Sciences, University of 
Kentucky, Lexington, KY 40506. 

Evidence of trilobite predation is found in trace fossils 
from the Bisher Formation of Lewis County, Kentucky. 
The trilobite trace Rusophycus is associated with fossil 
worm burrows with such frequency that coincidence is 
unlikely. Approximately 75% of the Rusophycus speci- 
mens can be demonstrated to be associated with worm 
traces. The trace fossils occur in hyporelief on the under- 
side of beds, generally at interfaces between shale and 


dolostone. The Rusophycus range from 4 to 20 cm in 
length, and up to 5 cm in depth. In most cases, the Ru- 
sophycus is oriented above, parallel to, and truncating the 
worm trace. The predatory trilobite was possibly either a 
lichid or a Bumastus species. Identification of the worm 
prey is less definite. In all likelihood, the trilobites initially 
searched for prey visually and chemically. During exca- 
vation, the trilobite probably assumed a head-down po- 
sition and relied upon chemosensory techniques to locate 
its prey. As trilobites possessed small mouths and lacked 
jaws, it is likely that the trilobite grasped the worm with 
the endopodites while masticating it with the coxae. Work- 
ers have noted the presence of mud cracks and other sed- 
imentary structures characteristic of peritidal sedimenta- 
tion in this portion of the Bisher Formation. Assuming this 
environmental interpretation is correct, the trilobites then 
may have been hunting in shallow, intertidal pools or tidal 
flats. 


HEALTH SCIENCES 


Swine transmissible gastroenteritis—protection without 
conventional vaccination afforded by administration of 
viral specific oligoribonucleopeptides to neonatal pigs. 
GREGORY B. WILSON, Division of Science and Related 
Technologies, University of Kentucky at Hazard Com- 
munity College, Hazard, KY 41701. 

Swine transmissible gastroenteritis (TGE) is a highly 
contagious enteric disease characterized by vomiting, se- 
vere diarrhea, dehydration, and a high mortality in pigs 
under 2 weeks of age. Conventional TGE vaccines fed- 
erally licensed for use as aides in the prevention of TGE 
in swine generally contain an attenuated TGE virus. To 
afford protection against TGE in neonatal pigs, label di- 
rections recommend vaccinating sows at least twice prior 
to farrowing followed by additional vaccinations of the 
neotates within the first few weeks of life. Unfortunately, 
the recommended vaccination regimen does not result in 
reliable protection against TGE. A method has been re- 
ported recently to economically develop antigen/organism 
specific immune initiators (specific immunity inducers, 
SIs) which show promise as immunotherapeutic or im- 
munoprophylactic agents for a variety of animal or human 
diseases. Each SII contains as its active principal one or 
more oligoribonucleopeptides, which are produced by T 
lymphocytes immune to specific antigens. The purpose of 
this communication is to report results on the specificity, 
safety, and clinical efficacy of TGE-SII when administered 
to neonatal pigs. TGE-SII was documented to specifically 
initiate immunity to TGE virus by using in vitro tests of 
cell-mediated immunity and by clinical testing. For ex- 
ample, 1-day-old seronegative piglets administered a sin- 
gle dose of TGE-SII 48 hr prior to challenge with virulent 
TGE virus demonstrated over a three-fold increase in pro- 
tection from mortality compared to untreated control pig- 
lets or to piglets who received Streptococcus-equi-SII. Field 
safety tests demonstrated that TGE-SII is safe to administer 
to neonatal pigs. No significant differences were found in 
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weight gains, mortality, or morbidity for TGE-SII treated 
piglets (N = 293) as compared to control piglets (N = 104) 
over a 2]-day observation period. Clinical efficacy was 
carefully studied in a series of trials. TGE-SII was found 
to reliably provide significantly decreased mortality re- 
gardless of whether or not the sows had been previously 
vaccinated with conventional TGE vaccines. Indeed, 
whereas, vaccination alone failed to promote protection 
(53% mortality; N = 34), administration of TGE-SII did 
protect (19% mortality; N = 37) compared to untreated 
control piglets. TGE-SII appears to show promise for use 
in the prevention of TGE in neonatal pigs. 


INDUSTRIAL SCIENCES 


Process for reducing automotive port fuel injector de- 
posits. VICTOR L. KERSEY, Automotive & Product Ap- 
plication Laboratories, Ashland Petroleum Co., P.O. Box 
391, Ashland, KY 41114. 

To provide better driveability and performance while 
maintaining fuel economy requirements, automotive de- 
signers have shifted rapidly away from carburetion to in- 
jection of fuel. For accurate and precise injection of fuel 
into each combustion chamber or cylinder, the injector is 
best located as close as possible to the intake valve. This 
requires the injector to operate in an environment of rel- 
atively high temperature, particularly during “hot soak” 
when the engine ignition system has been turned off, stop- 
ping the circulation of coolant through the engine, but 
leaving the hot cylinders to transfer their heat to the in- 
jector and other outer parts of the engine. Under these 
conditions, the injector temperatures can reach or exceed 
90°C, causing carbon and varnish deposits to form on the 
injector’s internal parts, particularly the injector tip. Be- 
cause of the high precision of injector parts, these deposits 
can restrict fuel flow. Fouling of fuel injectors for internal 
combustion engines can be reduced by promptly depres- 
surizing the fuel pressure line, which feeds the injectors 
after shutoff of ignition. Reduction of deposits assists in 
maintaining driveability and fuel economy. 


MATHEMATICS 


The Frechet Derivative and an application. NEZAM 
IRANIPARAST, Department of Mathematics, Western 
Kentucky University, Bowling Green, KY 42101. 

The hyperbolic partial differential equation u,, + p(x, 
y)u = f(x, y, u), (x, y) in T, where T = {(x, y): 0 <x < 
X, 0 < y < x}, subject to the conditions u(x, 0) = (x), 0 
<x <= X, u(x, x) = A(x), O < x < X, (0) = A(O), is an 
example of a Goursat or initial value problem. The well- 
posedness of such a problem and its differentiable depen- 
dence on a parameter \ = const. can be found in standard 
texts on P.D.E. e.g., Garabedian. Even though the usual 
definition of derivative can be used for the case of a con- 
stant parameter A, when the differentiable dependence is 
on a function such as A(x) the more abstract theory of 
Frechet derivative is needed. The purpose of this talk is 
to show how this concept can be used to show that the 


solution of the above problem is a differentiable function 
of A(x) when f is a continuous function of (x, y, uw) and 
continuously differentiable function of u in a region Q C 
Rs, 


Approximate Combs and Filippov solutions. DANIEL 
C. BILES and JOHN S. SPRAKER,* Department of Math- 
ematics, Western Kentucky University, Bowling Green, 
KY 42101. 

Filippov solutions of u'(t) = f(t, u(t)) are defined in 
terms of a certain set-valued function F = F[f]. Let f(t, 
x), g(t, x): R x R" > R" be given. It is known that if for 
each fixed t, f = g ae. in x, then F[f] = F[g]. We give a 
counterexample to show the converse is false. 


Pareto’s Law. WALTER FEIBES, Rubel School of Busi- 
ness (MBA), Bellarmine College, Louisville, KY 40205. 

The Pareto distribution is a much neglected distribution 
in introductory and even more advanced statistics courses. 
This is all the more surprising when one considers that this 
law applies to such interesting everyday applications as: 
85% of the tardiness in a typical company is due to 15% 
of its employees, 15% of a hospital’s patients occupy 85% 
of its staff time, 20% of the managers in a large company 
have 80% of the total managerial competence, and 17% 
of the insured automobile drivers cause 85% of all highway 
accidents. In short, the distribution frequently describes 
the relationship between the important few and the un- 
important many. Mathematically, the Pareto distribution 
hardly exists in isolation. for the Pareto random variable 
X, the transformed random variable log X has the well- 
known exponential distribution. Also, the distribution is 
applicable to Bayesian statistical inference where it can 
be shown that the family of Pareto distributions is a con- 
jugate family of prior distributions for samples from a 
uniform distribution in the interval (0, ©) where the value 
of the endpoint © is unknown 


PHYSICS 


Characterization of a PC-based CCD camera for im- 
aging low-intensity sources. TRACY FLOYD,* DAVID 
BURKETT,* R. L. HACKNEY, K. R. HACKNEY, and 
M. ROBINSON, Department of Physics and Astronomy, 
Western Kentucky University, Bowling Green, KY 42101, 
and R. L. SCOTT, Department of Physics and Astronomy, 
Ball State University, Muncie, IN 47306. 

The 24-in telescope of the Western Kentucky University 
Astrophysical Observatory has recently been equipped with 
a commercially available charge-coupled device (CCD) 
camera system. The low-cost CCD system, used in con- 
junction with an IBM PC-compatible computer, provides 
a significant increase in observational capability for tele- 
scopes of any size, including telephoto lenses. We describe 
our installation of a computer-controlled CCD camera 
system we use with a 24-in telescope and smaller-aperture 
optical systems, Observations and measurements charac- 
terizing the instrumentation, and engineering adaptations, 
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will be discussed, with respect to the ultimate sensitivity 
and performance of the detection system for astrophysical 
applications 


Electronic Star Tech—the next generation in astrophysical 
imaging. ROGER SCOTT,* Department of Physics and 
Astronomy, Ball State University, Muncie, IN 47306, and 
KAREN HACKNEY, RICHARD HACKNEY, MAX 
ROBINSON, and JEFF GEORGE, Department of Physics 
and Astronomy, Western Kentucky University, Bowling 
Green, KY 42101 

Just as photography revolutionized astrophysical obser- 
vation in the last century, the present epoch represents the 
threshold of an electronic revolution in astrophysical im- 
aging and measurement. Light-sensitive silicon semicon- 
ductor arrays called charge-coupled devices (CCD) now 
feature better quantum efficiency and linearity than pho- 
tographic emulsions, and provide a means for high-pre- 
cision two-dimensional photometric measurement of lu- 
minous sources at the observatory and in the laboratory. 
Computer-controlled CCD cameras are becoming, avail- 
able commercially at reasonable cost, and can, in effect, 
increase the performance of an astronomical telescope to 
levels equivalent to a conventionally equipped telescope 
of considerably larger aperture. We discuss CCD capa- 
bilities and applications for telescopes in the aperture range 
from 8 in to the 24-in telescope of the Western Kentucky 
University Astrophysical Observatory 


Measurement of the spatial resolution of a CRT screen 
using CCD scans of photographic images. RICHARD 
LAWRENCE* and F. DUDLEY BRYANT, Department 
of Physics and Astronomy, Western Kentucky University, 
Bowling Green, KY 42101. 

The spatial resolution of a CRT screen was measured 
by taking photographs of a computer generated bar test 
pattern written on the CRT screen. Modulation Transfer 
Function measurements were made of the photographic 
negatives using a computer controlled CCD array camera 
as a multi-pixel microdensitometer. The digitized images 
of the negatives were processed using both commercially 
available and custom-written computer algorithms. This 
process has applications for teaching Modulation Transfer 
analysis in upper-level optics courses. 


Development of a PC-based image processing system 
for CCD and vidicon images. BARRY MCGUFFIN,* 
RICHARD HACKNEY,* and KAREN HACKNEY, De- 
partment of Physics and Astronomy, Western Kentucky 
University, Bowling Green, KY 42101, and ROGER 
SCOTT, Department of Physics and Astronomy, Ball State 
University, Muncie, IN 47306. 

We describe the development of a software system for 
processing and analyzing images obtained with vidicon 
and charge-coupled-device (CCD) cameras. The system is 
based on IBM/PC compatible computers with high-reso- 
lution (VGA color or gray-scale) video displays, and in- 
volves the integration of software packages available free 


or at minimal cost from commercial and non-commercial 
sources. A main component of the system is the PC-VISTA 
image processing package. The minimum hardware re- 
quirement is an IBM/XT compatible computer with a 
hard drive and VGA display. However, faster processing 
and fuller implementation of high-dynamic-range image 
transformations requires the use of an 80386-based IBM/ 
AT compatible computer with four megabytes of memory 
and acquisition of the matrix language GAUSS-386. We 
discuss the integrated system’s capabilities for image dis- 
play, analysis, processing, format transformation, enhance- 
ment, filtering, false-color enhancement, photometry, and 
contour mapping. The results are applicable to astro- 
physical observations and other laboratory imaging ap- 
plications requiring modern image processing techniques. 


Computer demonstrations in an introductory solid-state 
physics course. MATTHEW RAYMER,* SHAWN WAG- 
ONER,* and RANDALL HARPER, Jr.,* Department of 
Physics and Astronomy, Western Kentucky University, 
Bowling Green, KY 42101. 

A solid-state physics course involves the introduction of 
mathematical models to explain observed physical phe- 
nomena. These models can be very difficult for students 
to comprehend. In addition, the visualization of analytical 
solutions is sometimes beyond simple chalkboard sketches. 
These problems can be lessened by using a computer to 
demonstrate the mathematical models to the students in 
the classroom. Also, the students can extend their intuitive 
understanding of the physics by modifying the parameters 
of the program and generating numerous solutions. The 
ideal situation would allow the students the opportunity 
to experiment with the programs on their own computers. 
However, computer system variations usually lead to prob- 
lems when a program is distributed to class members. 
These problems can be eliminated by using a language 
such as TRUE BASIC. The portability of this language 
allows programs to run on Macintosh, IBM, Tandy, MS- 
DOS compatibles, Amiga, and Atari computers. The lan- 
guage offers extensive graphics and mathematical capa- 
bilities that are not machine specific. Thus, students can 
use programs developed on the instructor's computer sys- 
tem, which may differ significantly from their personal 
computer configuration. In order to illustrate the versatility 
of the language, we provide a TRUE BASIC program 
which allows students to produce three-dimensional pro- 
jections of actual crystal structures on a computer screen. 
The program allows the student to rotate the crystal struc- 
ture about various crystal axes. Also, a three-dimensional 
animation program will be demonstrated. 


PHYSIOLOGY, BIOPHYSICS, 
BIOCHEMISTRY, & PHARMACOLOGY 


Magnetic states of the cytochrome a,-Cug center in rest- 
ing cytochrome oxidase and some of Its Derivatives. ZEX- 
IA K. BARNES,* Department of Physical Sciences, More- 
head State University, Morehead, KY 40351, and JAMES 
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L. DYE and G.T. BABCOCK Department of Chemistry, 
Michigan State University, East Lansing, MI 48824. 

The temperature dependence of the magnetic suscep- 
tibility of cytochrome oxidase was used to investigate the 
nature of the coupling between cytochrome a, and the 
Cu, in the enzyme as isolated and in its oxidized formate- 
bound derivative. The effects of different dispersing de- 
tergent, enzyme isolation method, and deoxygenation 
method were investigated. Resting and formate-bound en- 
zyme were found to have strong antiferromagnetic cou- 
pling with an S = 5/2 cytochrome dg, results that were 
independent of dispersing detergent identity. The use of 
glucose and glucose oxidase to deoxygenate samples and 
a variation of Triton X-114:protein ratios during enzyme 
isolation influenced the behavior of some preparations of 
resting and formate-bound enzyme. The results obtained 
for these samples indicate that peroxide binding can result 
in a cytochrome a; spin change from S = 5/2 to S = 3/2 
and that the formate ion binds at a different location than 
does peroxide. 


Soybean DNA polymerase-beta: partial purification and 
characterization. VALGENE DUNHAM,* LESA DILL, 
and STACIE DAY, Department of Biology, Western Ken- 
tucky University, Bowling Green, KY 42101. 

DNA polymerase-beta, a DNA repair enzyme of ap- 
proximately 45 KDa, was isolated from etiolated, 5-day- 
old soybean (Glycine max) hypocotyls using the following 
procedures. After homogenization with an omnimixer un- 
der cold conditions, nuclei were separated by passing the 
homogenate through miracloth and centrifugation at 960 
x g for 20 min. Nuclei were ruptured and proteins solubi- 
lized by stirring for 2 h in the presence of 1.5 mM am- 
monium sulfate. Following centrifugation at 20,000 x g, 
the protein preparation was purified by column chroma- 
tography, first using Sephadex G-75 to remove large mo- 
lecular weight proteins and subsequently using a DEAE- 
cellulose column to separate components by charge. After 
the removal of salt, using dialysis or a Sephadex G-50 
column, preparations were analyzed for DNA polymerase- 
alpha, -beta, and -gamma activity by assay mixtures and 
inhibitors specific to each polymerase. Peak three, eluting 
from the column with a step gradient of 0.5 M KCl, was 
active on a synthetic RNA template-DNA primer system, 
insensitive to both 100 uM aphidicolin and 10 uM ethidium 
bromide (primary inhibitors of -alpha and -gamma re- 
spectively), stimulated by salt concentrations, and increas- 
ingly inhibited by 10 mM to 20 mM sodium phosphate. 
In combination with the evidence of an enzyme of mo- 
lecular weight of less than 75 KDa, these characterizations 
indicate the presence of DNA polymerase-beta. 


Blockade of endothelium-dependent vasodilation with 
Nemonomethyl-L-arginine in rat skeletal muscle micro- 
circulation. FENG LI* and IRVING G. JOSHUA, De- 
partment of Physiology and Biophysics, University of Lou- 
isville, Louisville, KY 40292. 

Recent data have established that the endothelium-de- 


rived relaxing factor (EDRF) released by endothelial cells 
is nitric oxide (NO). L- arginine is believed to be the 
physiological precursor for the NO. The objective of this 
study was to investigate the effect of L-arginine and the 
L-arginine analogue, N°-monomethyl-L-arginine (L- 
NMMA), on the endothelium-dependent vasodilation in 
the rat skeletal muscle microcirculation. Male, Sprague- 
Dawley rats were anesthetized with sodium pentobarbital 
(50 mg/kg, i.p.) and the cremaster muscle was observed 
using in vivo television microscopy. Topical application of 
L-arginine (10-4M) induced a significant arteriolar dilation 
(40%). In contrast, L-NMMA (10™4M) produced significant 
constriction (25%). L-NMMA (2 x 10-4M) also blocked 
the endothelium-dependent vasodilation produced by Ach 
(10-°M and 10-7M), A23187 (10°8M), and L-arginine 
(10-4M) without affecting the endothelium-independent 
vasodilation produced by sodium nitroprusside (10-°M) 
The inhibitory effect of L-NMMA on endothelium-de- 
pendent vasodilation was reversed by L-arginine (2 x 
104M). These results support the hypothesis that L-argi- 
nine is the physiological precursor for the basal generation 
of NO for endothelium-dependent vasodilation. These data 
also suggest a major role for EDRF in regulation of vascular 
tone in small precapillary resistant vessels in rat skeletal 
muscle. 


Effect of n-methyl-d-aspartate (NMDA) blockade on 
inspiratory inhibitory reflexes elicited by pontine stimu- 
lation. LIMING LING* and DIANE R. KARIUS, De- 
partment of Physiology, University of Kentucky Medical 
Center, Lexington, KY 40536-0084. 

Current models of respiratory pattern generation sug- 
gest that the pneumotaxic center (pontine respiratory group, 
PRG) provides an important input for inspiratory inhibi- 
tory mechanisms, since lesions of the PRG produce ap- 
neusis in vagotomized cats. Apneusis is also induced by 
systemic injection of the NMDA receptor antagonist MK- 
801, leading to the hypothesis that the PRG influence on 
inspiratory inhibitory mechanisms might be mediated 
through NMDA receptors. Single shock stimulation of the 
PRG elicits a transient reduction of inspiratory motor ac- 
tivity while stimulus trains produce premature inspiratory 
termination. This study determined the effect of NMDA 
receptor blockade on these reflexes. Ten adult cats were 
anesthetized, ventilated, paralyzed, and decerebrated. In- 
spiratory motor output was recorded from the left phrenic 
nerve (PN). A microelectrode was positioned stereotaxi- 
cally within the right PRG. After obtaining control PN 
responses to PRG stimulation, MK-801 was injected intra- 
venously (0.1 mg/kg initially, up to a cumulative dose of 
1.0 mg/kg). Five minutes after each dose, PN responses 
were again recorded. To confirm the central efficacy of 
MK-801, lung inflation was withheld for 2-3 cycles and 
apneusis was elicited at low doses. The transient inhibition 
was present with no significant change in thresholds or 
onset latencies at all doses. The duration of inhibition was 
increased after MK-801, a result consistent with the an- 
tagonism of a known excitatory neurotransmitter for res- 
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piration. Stimulus trains elicited premature inspiratory ter- 
mination even at 1 mg/kg. We conclude that the inhibitory 
reflexes elicited by PRG stimulation do not depend on 
NMDA receptor mediated neurotransmission. It is likely 
that the apneusis induced by systemic MK-801 involves 
NMDA receptors which may provide input to PRG neu- 
rons or which may be anatomically distinct 


Sub-lethal autolysis in livers of mice exposed to phthal- 
ates. T. TAYLOR,* S$. VOGELPOHL, M. FLICK, and J. 
CARTER, Wood Hudson Cancer Research Laboratory, 
Newport, KY 41071, and A. DEANGELO and F.B. DAN- 
IEL, U.S. Environmental Protection Agency, Cincinnati, 
OH 45268. 

The diesters of o-phthalic acid, the most widely used 
industrial plasticizers, are ubiquitous, low-level environ- 
mental contaminants. Previous studies have found that 
exposure to these compounds in the diet is associated with 
the development of hepatocellular carcinomas and ade- 
nomas in rodents. Neither di(2-ethylhexyl) phthalate 
(DEHP) nor di-n-octylphthalate (DOP) are genotoxic; 
therefore the mechanism(s) by which tumors are induced 
by these compounds has not been established. Bosmann 
proposed that sub-lethal autolysis at the cell surface re- 
sulting from secretion of lysosomal enzymes can alter cell- 
cell and cell-matrix interactions leading to loss of growth 
control and neoplastic transformation. The objective of 
this study was to measure the effect of chronic feeding of 
DEHP and DOP on expression of liver lysosomal enzymes 
in male B6C3F1 mice. Mice were fed diets containing 
0.12%, 0.60% and 1.2% DEHP and 0.1%, 0.5% and 1.0% 
DOP. Groups of animals were sacrificed after 15, 30, 35, 
and 52 weeks of feeding. Expression of hepatic 8-galac- 
tosidase, aryl sulfatase, n-acetyl-8-glucosaminidase, and 
cathepsin D was increased significantly following 15 weeks 
of treatment with either 0.6% or 1.2% DEHP. By 30 weeks 
of treatment animals in these groups had focal hepatic 
lesions and some liver tumors. Changes in expression of 
acid phosphatase were not found in any treatment group 
and increased expression of 8-glucuronidase was found 
only in animals receiving 0.6% and 1.2% DEHP for 52 
weeks. We conclude that there is a close association be- 
tween increased expression of some hepatic lysosomal en- 
zymes and liver carcinogenesis following exposure to non- 
genotoxic phthalate esters. 


SCIENCE EDUCATION 


Computer software applications in the undergraduate 
biochemistry laboratory. DAVID R. HARTMAN, De- 
partment of Chemistry, Western Kentucky University, 
Bowling Green, KY 42101. 

In fall 1988 it was observed that more than 50% of the 
upper-class students enrolled in biochemistry lab had nev- 
er used a computer. To improve the student experience, 
two computers were moved to the lab. Graphing of lab 
data on the computer using either of two commercially 
available programs was required. Students obtained and 


graphed data from Bradford protein determinations (lin- 
ear graph), protein absorption spectrum (curve graph), and 
gas chromatography of fatty acid methy] esters (log graph). 
They were encouraged to use a word processing program 
to prepare required lab reports. The class utilized a com- 
mercial program that simulated protein purification tech- 
niques. 


A hypermedia approach to molecular genetics. CLAIRE 
A. RINEHART, Department of Biology, Western Ken- 
tucky University, Bowling Green, KY 42101. 

Many of the molecular principles of genetic inheritance 
and gene expression deal with dynamic models that form 
a web of links between their elements. Commercially 
available hypermedia and animation tools allow the de- 
velopment of dynamic computer models and animated 
illustrations of genetic principles without extensive pro- 
gramming experience. Related information on the ele- 
ments of each model or illustration can be easily referenced 
through hypermedia links, thus allowing a browsing study 
approach to the detailed knowledge contained therein. An 
illustration of a hypermedia program currently being used 
in our molecular genetics course will be shown along with 
a brief introduction to the development tools available for 
creation of such courseware. 


Teaching students to distinguish among scientific, pseu- 
doscientific, and religious explanations. FRANK H. WIL- 
BUR, Division of Science and Mathematics, Asbury Col- 
lege, Wilmore, KY 40390. 

A flow-sheet designed to help students learn to distin- 
guish among scientific, pseudoscientific, and religious ex- 
planations for observed (or purportedly observed) phe- 
nomena has been developed and found to be most effective 
in several freshman-level college science courses. Students 
learn to correctly categorize an explanation for a given 
phenomenon according to the following criteria: (1) Sci- 
entific explanations are natural (rational) and are those 
from which predictions can be made and experimentally 
tested. Repeated failure to disprove the predictions in- 
creases the probability of the explanation being correct. 
(2) Rational, natural explanations that are scientifically 
untestable yet promoted as if scientifically verified are 
classified as pseudoscientific mysteries. Rational, natural 
explanations that have been scientifically disproven or that 
are simply too absurd to be subjected to scientific inves- 
tigation are classified as pseudoscientific myths. (3) Ex- 
planations attributing a given phenomenon to the super- 
natural are outside the realm of science because they cannot 
be disproven. These are classified as religion or as magic. 
Those categorized as magic rely on the operation of a sixth 
sense of mystical power resident in human beings. Expla- 
nations categorized as religious are those which require a 
Biblical supernatural being or deity working through, 
around, or in spite of human beings. The distinction be- 
tween religion and magic is philosophical but important 
in light of recent challenges science has encountered from 
fundamental Christians. 
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Forming teacher alliances. CAROL W. WILSON, De- 
partment of Computer Science, Western Kentucky Uni- 
versity, Bowling Green, KY 42101. 

There is a nationwide movement to build alliances be- 
tween public schools, higher education, and the business 
community. By working together to solve common prob- 
lems, they all become stronger. For the past 3 yr the 
Council on Higher Education has encouraged the for- 
mation of alliances of math and science teachers by making 
Eisenhower grant money available to the six districts of 
Kentucky. During this period of time, three alliances of 
high school teachers, chemistry, computer science, and 
physics, have been developed at Western Kentucky Uni- 
versity. This paper will outline how to establish a teachers’ 
alliance and discuss the experience of forming a computer 
science teachers’ alliance at Western Kentucky University. 
High school and university faculty joined together to share 
with their peers, solve common problems, and develop 
professionally. Once the group of interested faculty was 
identified, a steering committee was established to plan 
future meetings. A guiding principle of the alliance is that 
meetings are run by teachers for teachers. The most im- 
portant product of the alliance formation is the increased 
communication among area computer science teachers. 
Instead of being an isolated CS teacher, often the only one 
in the county, they are now part of a network. 


ZOOLOGY & ENTOMOLOGY 


Utilization of UV patterns and a compound eye study 
on two species of halictid bees. ROZENNA B. CARR, 
Department of Biology, University of Louisville, Louis- 
ville, KY 40292. 

A study conducted in June and July 1990 scored fre- 
quencies of two species of bees, Halictus ligatus and H. 
confusus, to Rudbeckia hirta in five study sites located in 
southern Jefferson County. The bees were scored and col- 
lected as they frequented two types of quadrats, one that 
permitted ultraviolet to reach the flowers and one that did 
not. The quadrats were set up on a daily basis. Chi-square 
contingency tables were used to test the results. Both spe- 
cies frequented the UV reflecting quadrats significantly 
more than the UV screening quadrats. Halictus confusus 
frequented the UV reflecting quadrats significantly more 
than did H. ligatus. A second study compared the size of 
the compound eyes, number of ommatidia per eye, and 
head width of the two species from specimens collected 
in Louisville, 1990, and from the Lovell collection at the 
University of Louisville. t-tests were used to test the results. 
There was not significant difference between sexes within 
either species in any of the variables. A significant differ- 
ence was found between the two species in head width 
and number of ommatidia per eye. There was not a sig- 
nificant difference in size of compound eyes. Head width 
and number of ommatidia per eye may be possible factors 
that contribute to difference in the foraging behavior of 
these bees. 


Systematics, distribution, and variation of worm snakes, 
Genus Carphophis, in Kentucky. LES MEADE, Depart- 
ment of Biological and Environmental Sciences, Morehead 
State University, Morehead, KY 40351. 

Carphophis a. amoenus (eastern worm snake) occurs 
throughout the eastern United States. Carphophis a. hele- 
nae (Midwest Worm Snake) ranges across the eastern and 
midwestern states. In Kentucky, C. a. amoenus frequents 
the Cumberland Plateau, Cumberland Mountains, south- 
ern one-half of the Bluegrass, eastern and northern Mis- 
sissippian Plateau, and eastern edge of the Western Coal 
Field. Carphophis a. helenae occurs almost statewide and 
intergrades with C. a. amoenus across a much wider zone 
than is shown in recent range maps. Carphophis a. amoen- 
us is distinguished from other Kentucky snakes by having: 
13 rows of smooth dorsal scales, with single apical stigmata, 
but without an apical notch; a divided anal plate; no pre- 
oculars; two small internasals; and a pinkish, wormlike body 
of less than 300 mm. This subspecies differs from C. a. 
helenae by having separate internasals and prefrontals. 
Carphophis a. amoenus = C. a. helenae Intergrades have 
partial division of their internasals on one or both sides of 
their head. Sexual dimorphism is very uniform in C. a. 
amoenus, C. a. helenae, and their intergrades. Mean num- 
ber of ventrals, number of caudals, tail length/total length, 
and snout-vent length/total length were significantly dif- 
ferent between males and females. Mean number of cau- 
dals and tail length/total length were greater in males. 
Mean number of ventrals and snout-vent length/total length 
were greater in females. Mean total length did not not 
differ significantly with regard to sex. 


Ambystoma ieffersonianum and Ambystoma tigrinum 
in Kentucky—distribution and systematic data. LES 
MEADE, Department of Biological and Environmental 
Sciences, Morehead State University, Morehead, KY 40351. 

Ambystoma jeffersonianum (Jefferson salamander) and 
A. t. tigrinum (eastern tiger salamander) represent two 
species of the Family Ambystomatidae (mole salamanders) 
in Kentucky. Ambystoma jeffersonianum occurs primar- 
ily in the northeastern United States; A. t. tigrinum ranges 
across the eastern United States, but is absent from most 
of the Appalachian Mountains. These two species are sym- 
patric in western Ohio, southern Indiana, and northern 
and central Kentucky. Because unusual specimens of Am- 
bystoma are known from Hardin County, Kentucky, this 
research was undertaken to determine the taxonomic status 
of these specimens and to determine if additional “inter- 
mediate” populations exist in Kentucky. Specifically, the 
goal was to determine if these forms are hybrids or variants 
between overlapping populations. Systematic data for A. 
jeffersonianum and A. t. tigrinum indicate that total length, 
tail length/total length, snout-vent length/total length, 
head width, internasal width and body weight (g) are 
greater in A. t. tigrinum. However, the number of costal 
grooves does not appear to be different between these 
species. Systematic data for the “intermediate” forms are 
incomplete at this time. 
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Ambystoma jeffersonianum and Ambystoma tigrinum 
in Kentucky—allozyme variation. TERESA FORSYTH, 
Department of Biological and Environmental Sciences, 
Morehead State University, Morehead, KY 40351. 

Ambystoma jeffersonianum and A. tigrinum tigrinum 
are closely related species of the Family Ambystomatidae 
(mole salamanders) in Kentucky. This study shows some 
genetic similarities/differences in terms of allozyme ex- 
pression between these two species. 

Six enzyme systems were analyzed using 10 specimens 
of each species. Two systems showed allelic differences 
between species, one system showed the same allelic dif- 
ferences within both species, and three systems showed 
that both species carried the same allele. 

The enzyme lactate dehydrogenase exhibited a species 
difference; A. jeffersonianum had only the fast allozyme 
present and A. t. tigrinum had only the slow allozyme 
present. A variable pattern was found in the general pro- 
tein stain at one locus; all the A. jeffersonianum specimens 
had the slow allozyme and all the A. t. tigrinum had the 
fast allozyme. The two species both carry two different 
alleles for asparate aminotransferase. Individuals which 
were homozygous fast (FF), heterozygous (FS), and ho- 
mozygous slow (SS) were present within each species. Three 
enzyme systems, glucose dehydrogenase, glutamate de- 
hydrogenase, and isocitrate dehydrogenase, showed that 
both species carried the same gene for each enzyme. There 
were no differences exhibited in the electrophoretic allo- 
zyme patterns of these three systems. Unbiased estimates 
of the average heterozygosity and genetic distance be- 


tween these two species determined from these data and 
additional enzyme systems data establish phylogenetic re- 
lationships between A. jeffersonianum and A. t. tigrinum. 


Parasites of freshwater mussels in Kentucky Lake, West- 
ern Kentucky. ELIZABETH A. URBAN,* LEON F. 
DUOBINIS-GRAY, and JAMES B. SICKEL, Department 
of Biological Sciences, Murray State University, Murray, 
KY 42071. 

Between March and October 1989, 219 freshwater mus- 
sels representing 7 genera (10 species) from 17 localities 
in Kentucky Lake, western Kentucky, were examined for 
parasites. Mussel species were Amblema plicata, Anodonta 
grandis, A. suborbiculata, Arcidens confragosus, Fusco- 
naia ebena, F. undata, Megalonaias gigantea, Plecto- 
merus dombeyanus, Quadrula nodulata, and Q. quadrula. 
Adult mites of the genus Unionicola were the most fre- 
quently recovered parasites, with intensities ranging from 
zero to 41/host and an overall prevalence of 56%. Larval 
mite densities periodically exceeded 5,000/cm? with ex- 
tensive hyperplasia of subepithelial tissue. Two species of 
aspidogastrid trematodes were recovered from the peri- 
cardial cavity and/or kidneys of hosts. They were Aspi- 
dogaster conchicola and Cotylaspis insignis. Intensities 
ranged from zero to 20 and zero to 10/host, respectively. 
Overall prevalence rates of 29% and 1% were observed. 
Digenean sporocysts containing rhopalocercariae were re- 
covered from the visceral masses of Amblema plicata and 
Anodonta grandis. Sporocyst densities exceeded 1,000/g 
dry host tissue with an overall prevalence of 1%. 
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DISTINGUISHED SCIENTIST AWARD 
INDUSTRIAL SCIENTIST AWARD 
OUTSTANDING COLLEGE SCIENCE 
TEACHER AWARD 
OUTSTANDING SECONDARY SCHOOL 
SCIENCE TEACHER AWARD 


This year the recipient of the Distinguished Scientist 
Award was Dr. Christopher A. Paterson, Professor of Oph- 
thalmology, University of Louisville School of Medicine. 
Dr. Paterson joined the faculty of the University of Lou- 
isville in 1986 after an 18 year career at the University of 
Colorado School of Medicine in Denver. He currently holds 
the Kentucky Lions Endowed Eye Research Professorship 
and is the Director of Research at the Kentucky Lions Eye 
Research Institute. Dr. Paterson has been of great service 
to the Commonwealth of Kentucky in his efforts to build 
the research program in visual sciences and has recruited 
to the Institute 5-7 first-rate quality scientists who are 
focusing efforts on visual sciences. Dr. Paterson is inter- 
nationally recognized for his 25 years of research in visual 
physiology and pharmacology. This research includes ar- 
eas of ocular disorders such as cataract, inflammation, and 
corneal ulceration. He has published widely (over 100 
refereed publications, four scholarly reviews and nine book 
chapters) in prestigious journals and is the Executive Editor 
of the international journal, Current Eye Research. He 
was recently elected as a trustee of the Association for 
Research in Vision and Ophthalmology, the largest inter- 
national organization for eye research. Dr. Paterson has 
been a member of the Kentucky Academy since his arrival 
in the Commonwealth in 1986. 

The award for Industrial Scientist was given to Dr. Bur- 
ton H. Davis, Associate Director, Kentucky Center for 
Applied Energy Research, University of Kentucky, Lex- 
ington. Dr. Davis has made many outstanding contribu- 
tions to heterogeneous catalysis in industrial and applied 
research and is internationally recognized for his contri- 
butions to understanding the mechanisms of hydrocarbon 
and coal conversion catalysts. After a number of years as 
a chemist with private industry and as a chemistry teacher, 
Dr. Davis joined the Institute for Mining and Minerals 
Research in 1977. He was appointed to his present position 
in 1982. He is the author or co-author of more than 150 
refereed journal articles, the author of a book on the history 
of Heterogeneous Catalysis, the editor of five other books 
and the holder of four U.S. patents. In the past three years 
he has made 65 presentations at various meetings both in 
the U.S. and internationally. He has served on a number 
of panels over the past few years and is a member of a 
number of societies, including the American Chemical 
Society, the Catalysis Society and the Kentucky Academy 
of Science. Over the past eight years he received funds of 
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approximately $9 million from the state, U.S. Department 
of Energy and other government agencies, and industrial 
firms to support his applied research in coal liquefaction 
and petroleum and shale catalysis. His nominator states 
that “his enthusiasm and his pioneering and missionary 
work have resulted in developing strong bonds between 
industrial and academic researchers in the state of Ken- 
tucky.” 

The award for the Outstanding College Science Teacher 
was given to Dr. P. Marshall Wilt of the Division of Science 
at Centre College, Danville, KY. Dr. Wilt received his 
Ph.D. in Physics from Vanderbilt University in 1967 and 
began a faculty position with Centre College that same 
year. He holds a B.A. Summa Cum Laude from Centre 
College. Over his career at Centre he has taught all of the 
major courses in the physics curriculum. Dr. Wilt has the 
reputation for high expectations of performance for his 
students that challenges them to some of their best efforts. 
For five years he directed and taught in the Senior Scholars 
at Centre program for young people between their junior 
and senior years in high school. For the past two summers 
he has organized and taught the Conceptual Physics In- 
stitute for high school science teachers. One of the more 
notable achievements of Dr. Wilt’s is that of his 17 refereed 
publications, 12 were co-authored by Centre College un- 
dergraduates. Dr. Marshall Wilt truly is an excellent role 
model for young scientists. 

Mrs. Peggy G. Welch, a biology teacher at Jessamine 
County High School, is the recipient of the Outstanding 
Secondary School Teacher Award. Mrs. Welch holds a 
B.A. in Biology Secondary Education and an MLS. in Sec- 
ondary Education-Science. She has 15 years teaching ex- 
perience and has been with the Jessamine County High 
School since 1983. Mrs. Welch has made significant con- 
tributions to the curriculum revision effort by the Jessa- 
mine County Schools and has given excellent guidance 
and support to beginning teacher interns. She started a 
very active science club at her school. Some of these stu- 
dents serve the elementary schools as science fair judges. 
Her students have done very well in academic “teams” 
competition and last year three of her students in Ad- 
vanced Placement (AP) Biology made the maximum score 
on the national AP examination. Mrs. Welch is a superb 
example of the type of teacher that is needed to prepare 
the next generation of scientists. 
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NEWS AND COMMENTS 


ANNUAL MEETINGS 


The 77th meeting of the Kentucky Academy 
of Science will be at the Executive Inn, Owens- 
boro, 7 November 1991, under the aegis of 
Brescia College, Kentucky Wesleyan College, 
and Owensboro Community College. 

The 78th meeting is planned for the Ashland 
Community College, Ashland, Kentucky. 


AAAS Awarpbs BLACK-CHURCH 
MINI-GRANTS FOR SCIENCE 
ACTIVITIES 


Washington, D.C. ... Historically, an inte- 
gral part of the Black community, the church 
is now playing an important role in exposing 
both young people and their parents to science, 
mathematics, and computers. 

Through its Black Churches Project, the 
American Association for the Advancement of 
Science (AAAS) recently made some $10,000 
available in a matching mini-grants competi- 
tion. Church groups could request up to $500 
for programs to serve pre-school children, stu- 
dents in kindergarten through high school, and 
their parents or guardians. 

Twenty-nine church groups have been 
awarded mini-grants to sponsor programs in 
their own regions. 

Among the projects selected were those to 
help parents understand the importance of ear- 
ly mathematics and science education; work- 
shops to assist teachers and staff of community- 
based organizations develop hands-on science 
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and math activities; designing field trips to and 
learning experiences in science museums, zoos, 
aquaria, and botanical gardens; math and sci- 
ence career days; and science-related projects 
undertaken jointly with Boy Scout and Girl 
Scout troops. 


NOTEWORTHY PUBLICATIONS 


The first three volumes of a multi-volume 
series on the freshwater algae, excluding the 
Bacillariophyceae and Charophyceae, of the 
southeastern United States providing keys, de- 
scriptions, figures and distributional data—by 
state—have been published: 


Dillard, Gary E. 1989. Freshwater algae 
of the southeastern United States, Part 1. Chlo- 
rophyceae: Volvocales, Tetrasporales and 
Chlorococcales. J. Cramer, Stuttgart. [Biblio- 
theca Phycologica, Band 81]. 284 pp., 37 pls. 
1989. Freshwater algae of the 
southeastern United States, Part 2. Chlorophy- 
ceae: Ulotrichales, Microsporales, Cylindro- 
capsales, Sphaeropleales, Chaetophorales, Cla- 
dophorales, Schizogoniales, Siphonales and 
Oedogoniales. J. Cramer, Stuttgart. [Bibliothe- 
ca Phycologica, Band 83]. 248 pp., 41 pls. 
1990. Freshwater Algae of the 
Southeastern United States, Part 3. Chloro- 
phyceae: Zygnematales: Zygnemataceae, 
Mesotaeniaceae and Desmidiaceae (Section 1). 
J. Cramer, Stuttgart. [Bibliotheca Phycologica, 
Band 85]. 275 pp., 51 pls. 
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ABSTRACT 


Available data on the 3 indigenous species of the vascular plant family Styracaceae occurring in Kentucky 


are summarized. Genera and species keys, habitat data, distribution maps, and other pertinent materials are 
provided for Halesia carolina, Styrax americana, and S. grandifolia. 


INTRODUCTION 


The Styracaceae is a relatively small vas- 
cular plant family of about 12 genera and 150 
species. Although the family distribution is 
centered in eastern Asia, species also occur in 
South, Central and North America, the Med- 
iterranean region, and in Africa (1, 2). The 
family is within the Subclass Dillenidae, Order 
Ebenales, which also is represented in the 
southeastern United States by a few members 
of the families Ebenaceae, Sapotaceae, and 
Symplocaceae. 

Characteristics of the Styracaceae include: 
small (rarely large) trees or shrubs with alter- 
nate leaves and stellate pubescence, bisexual 
flowers with sympetalous corollas, stamens 
twice as many as the petals and in a single 
whorl and drupaceous fruits. The family is eco- 
nomically important as a source of benzoin (a 
medicinal resin), for storax (a resin used in 
incense), for a number of ornamentals, and 
sometimes for lumber (Halesia). 

In the southeastern United States, the Styra- 
caceae is represented by 2 genera: Halesia, 
with 3 indigenous species, and Styrax with 2 
(other species of Styrax occur westward). Re- 
cent major studies at the regional level and 
above include those of Gonsoulin (2, 3) and 
Wood and Channell (4). 

In Kentucky, the Styracaceae is represented 
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by Halesia, with 1 indigenous species, and Sty- 
rax with 2. Two of the 3 species are of such 
limited distribution that they are elements of 
concern within the state (5). Kentucky studies 
include those of Braun (6), Chester (7), Gar- 
man (8), Meijer (9), McFarland (10), and 
Wharton and Barbour (11). 

The objectives of this paper are to summa- 
rize available data for Kentucky taxa of the 
Styracaceae and to present updated distribu- 
tion maps, habitat information, and other ma- 
terial of significance for those interested in the 
Kentucky flora. 


METHODS AND MATERIALS 


A review was made of historical literature 
to ascertain available data on the status of spe- 
cies in Kentucky. About 100 specimens were 
examined during visits, or in some cases ob- 
tained on loan, from most Kentucky herbaria 
and from several outside the state. Occasion- 
ally, curators supplied label data from their 
specimens. Field work was confined to middle 
and western Kentucky, where representatives 
most often occur in the state. 


RESULTS AND DisCussION 
The Styracaceae is represented in Kentucky 
by 2 genera and 3 species, which may be sep- 
arated by the following key. 
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Key to Kentucky Genera of Styracaceae 
A. Calyx and corolla 4-parted; ovary inferior; 
fruit elongated, winged, nut-like; pith dia- 
phragméd 2 .nele.: on enc eee ess 1. Halesia 
B. Calyx and corolla 5-parted; ovary superior; 
fruit a roundish drupe; pith homogenous 
saa teuena yee Paes eueiiny acy seas erheirees ened 2. Styrax 


Key to Kentucky Species of Styrax 


A. Leaves mostly glabrous beneath, sometimes 
minutely hairy on veins, 3-8 cm long; flow- 
ers and fruits solitary or in clusters of 4 or 
less ............-....-... 2a. S. americana 
B. Leaves densely whitish-hairy beneath, 8- 
15 cm long; flowers and fruits in racemes 
of more than 4 ........... 2b. S. grandifolia 


Kentucky Taxa of Styracaceae 
1. Halesia carolina L., Carolina Silverbell 


Reveal and Seldin (12) studied typification 
and nomenclatorial problems with and be- 
tween this and a related Coastal Plain species. 
They concluded that Halesia tetraptera Ellis 
was the correct name for the Carolina Silver- 
bell (instead of H. carolina L.), and that H. 
carolina actually refers to the Little Silverbell 
of the south (known as H. parviflora in most 
manuals). Usage today is by no means uniform 
and many authors continue to follow the tra- 
ditional treatment. For example, in 4 recent 
treatments of the southeastern flora, only Dun- 
can and Duncan (13) use H. tetraptera, while 
Brown and Kirkman (14), Foote and Jones (15), 
and Wofford (16) continue to use H. carolina 
for the Carolina Silverbell. I have also retained 
the traditional name. 

This silverbell is a small to large tree of most- 
ly eastern North American distribution, reach- 
ing best growth and maximum size (sometimes 
exceeding 30 m in height) in coves of the Great 
Smoky Mountains. Little (17) included it with 
several others that are characteristic of the Ap- 
palachians with disjunctions west of the Mis- 
sissippi River. I have studied this genus in the 
field and herbarium since 1964, including ex- 
amination of specimens from about 50 her- 
baria nationwide, and base my observations on 
these studies. 

Early reports on the woody flora of Ken- 
tucky showed H. carolina only from Lyon (8) 
and Harlan counties (6). My fieldwork, and 
that of others, shows that specimens are extant 
for several counties, mostly in western Ken- 


tucky, but the species is considered threatened 
within the state (5). Figure 1 shows counties 
with verified voucher specimens; literature re- 
ports without cited vouchers and cultivated 
specimens are not shown on Figure 1 but are 
discussed below. 

Vouched County Records.—In Kentucky, 
Halesia carolina reaches best development in 
ravines and on north-facing slopes along the 
Tennessee River (in part, Kentucky Reservoir). 
Field verified populations are known and rep- 
resented by vouchers in various herbaria from 
5 counties: Lyon, Livingston, Marshall, Mc- 
Cracken, and Trigg. Canopy associates are those 
taxa commonly found in mesic woods of the 
Western Mesophytic Forest of Braun (18), and 
include species of Acer, Carya, Liquidambar, 
Nyssa, Prunus, Quercus, Ulmus, and others. 
Asimina triloba in ravines and on lower slopes, 
and Ostrya virginiana on mid-slopes, are the 
common subcanopy associates. The Land Be- 
tween The Lakes is especially a significant pre- 
serve for insuring survival of this taxon in Ken- 
tucky. 

The following 2 counties are vouched by 
herbarium specimens but sites were not field- 
verified during this study. Calloway County is 
represented by 1 collection (MUR), but I have 
not been able to relocate the site, nor has Dr. 
Harold Eversmeyer of Murray State Univer- 
sity (pers. comm.). However, the species is ex- 
pected in that county, especially in ravines 
along Kentucky Reservoir. A Lawrence Coun- 
ty specimen was collected at Louisa by C. W. 
Short in 1837 (TEX); to my knowledge it has 
not been seen from there since. 

Literature Reports.—Braun (6) observed the 
Carolina Silverbell in Harlan County but ap- 
parently did not prepare a voucher. She later 
noted, in a personal communication, that the 
1 known site on Big Black Mountain has been 
long destroyed by mining and logging. I have 
not sought the species there and its present 
occurrence in that county is doubtful, yet I 
consider this a valid historical record. Mc- 
Creary County was mapped by Little (19) but 
I have seen no specimens and Dr. Little could 
not locate the source for his map (pers. comm. ). 
Also, a study of the McCreary County flora by 
Rogers (20) did not report any members of the 
Styracaceae. Warren County was mapped also 
by Little (19), probably based upon a culti- 
vated specimen (see next section). 


STYRACACEAE IN KENTucKy—Chester 9] 


Fic. 1. 


Kentucky distribution of Halesia carolina (A), Styrax americana (B), and Styrax grandifolia (C); circles 


represent county records with verified vouchers; squares represent literature reports with cited vouchers; literature 
reports without cited vouchers and cultivated specimens are not mapped but are discussed in text. 


Cultivated Material.—The Carolina Silver- 
bell is often planted as an ornamental and spec- 
imens collected from plantings sometimes con- 
fuse interpretations of the natural distribution. 
I have seen herbarium specimens taken from 
cultivars growing in Fayette (specimen at KY), 
Jefferson (DHL), Madison (EKY), and Warren 
counties (KY), and other cultivated plants are 
probably scattered around the state. The War- 
ren County specimen, collected in 1953, was 
not identified on the label as a cultivar, but 


Dr. Edward T. Browne, Memphis State Uni- 
versity, and Dr. Kenneth Nicely, Western Ken- 
tucky University (pers. comm.) suspect, as I 
do, that the specimen was from a planting. 


2a. Styrax americana Lam., American Snow- 


bell 


All of our material is the var. americana; 
the more pubescent var. pulverulenta (Michx.) 
Rehder is found mostly to the south and west 
of Kentucky (2, 3). 


92 TRANS. KENTUCKY ACADEMY OF SCIENCE 52(3-4) 


This bushy shrub may be up to 4 m in height 
(2, 3), but most Kentucky material is less than 
2 m. Throughout its range, the American 
Snowbell is most often found in low, moist 
areas such as on streambanks, in floodplains, 
and along swamp margins. In Kentucky, I have 
found best growth, sometimes approaching 
thicket status, along the outer edges of the Ken- 
tucky Reservoir fluctuation zone. Common as- 
sociates there are Acer rubrum, A. sacchari- 
num, Cephalanthus occidentalis, Fraxinus 
pennsylvanica, and Salix nigra. 

Vouched County Records.—Figure 1 indi- 
cates a Kentucky distribution centered in the 
Coastal Plain (Jackson Purchase) and western 
Interior Low Plateaus Provinces (Western 
Highland Rim Subsection and Shawnee Hills 
Section). This distribution is based upon veri- 
fied vouchers with 1 exception: Union County 
was cited by Braun (6) without source but Gon- 
soulin (2, 3) cited Shacklette 346 (Gray Her- 
barium and New York Botanical Garden) as 
the voucher for that county. 

Literature Reports.—Washington County 
in central Kentucky was mapped by Gonsoulin 
(2, 3) but without citation of voucher. Little 
(18) also mapped this county, probably based 
upon the Gonsoulin reports. Considering the 
disjunction and lack of voucher, this record 
must be considered tentative until authenti- 
cated and it is not shown on Figure 1. 


2b. Styrax grandifolia Aiton, Storax, Large- 
leaved Snowbell 


This shrub or small tree is up to 9 m in height 
and with oval to obovate leaves. The range is 
generally southeastern, from Virginia to south- 
ern Florida, westward to Texas, and northward 
to Missouri, where it grows in a variety of sites 
ranging from low woods to well-drained slopes; 
in general the habitat is more upland than that 
of the previous species. 

The Kentucky distribution of this snowbell 
is somewhat of an enigma and it is a special 
concern species of the Kentucky Endangered 
Species Committee (5). It was not listed in the 
early botanical works of Kentucky (6, 8, 10). 
Wharton and Barbour (11) noted that it is “rare 
in Kentucky and known to occur only in the 
Jackson Purchase region.’ Meijer (9) also noted 
possible occurrence in the Jackson Purchase. 
However, no herbarium specimens authenti- 


cate these reports from western Kentucky, I 
have not seen it there, and neither has Mr. 
Raymond Athey (pers. comm.), the botanist 
most knowledgeable of that flora. 

Gonsoulin (2) revised the American and Ca- 
ribbean representatives of the genus in a 1971 
doctoral dissertation; that study examined ma- 
terial from 16 herbaria, including the major 
national ones. No Kentucky specimens were 
cited in the extensive list of exsiccatae exam- 
ined but the distribution map shows 5 Ken- 
tucky counties (Clay, Garrard, Harrison, Mor- 
gan, Metcalfe). In 1974, Gonsoulin (3) published 
significant parts of the dissertation and his doc- 
umented distribution map shows the same 5 
Kentucky counties. However, voucher speci- 
mens are cited only from Clay County (Gon- 
sulin 1204, at NY, PH, SMU, US, VDB) and 
Harrison County (Gonsoulin 1206, same her- 
baria). Little (19) also mapped these 5 counties 
in his distribution study, apparently based upon 
the Gonsoulin records. 

I have examined the Gonsoulin specimens 
at Vanderbilt University (VDB) and cite them 
here: CLAY CO.: ca. 2.5 mi S of Spurlock on 
Kent. 66, 16 July 1969, 1204. GARRARD CO.: 
ca. 7 mi SE of Bratsville on US 27, 17 July 
1969, 1207. HARRISON CO.:: ca. 9.5 mi NW 
of Cynthiana on Kent. 356, 16 July 1969, 1206. 
METCALFE CO.:: ca. 2 mi S of Edmonson 
(sic) on Kent. 163, 17 July 1969, 1208. MOR- 
GAN CO.: ca. 6 mi SW of Crockett on Kent. 
172, 16 July 1969, 1205. To my knowledge, 
these are the only collections of S. grandifolia 
from Kentucky. There is only 1 record on file 
in the Kentucky State Nature Preserves Com- 
mission database; an unvouched report was 
made after an inventory of the upper Cum- 
berland River (McCreary or Whitley County). 
Without voucher, this report must be consid- 
ered tentative. 

Attempts to verify 1 of the Gonsoulin reports 
(Metcalfe County) during the summer of 1990 
proved unsuccessful. Therefore, little can be 
said about habitat preferenda and associates of 
this species in Kentucky. However, in Stewart 
County, Tennessee, about 15 km south of the 
Kentucky border, S. grandifolia grows in a 
mixed forest of shortleaf pine-xerophytic 
(mostly oaks) hardwoods (21). Slightly further 
south in Dickson County, Tennessee, it grows 
in oak-hickory forests (22). 
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3. Others 


There is an undated specimen (by all ap- 
pearances pre-1900) of Halesia diptera, the 
Two-winged Silverbell, in the Gray Herbari- 
um from Todd County. No other collection 
information is given on the label and I am 
assuming that the specimen is from cultivated 
material since this is a Coastal Plain species. 
Also, a large nursery was located on the Todd 
County-Tennessee line in the middle 1800s and 
supplied numerous out-of-state and exotic 
woody taxa for plantings throughout the region 
(Dr. James Corgan, Tennessee science histo- 
rian, pers. comm.). This nursery may well have 
been the source for the material. 
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ABSTRACT 


Electron microscopic analysis of cross-sections of the 1-keeled paleas of Cinna arundinacea reveals a single 
vascular trace. Cinna bolanderi exhibits 2-keeled paleas, each keel with a single trace. 


INTRODUCTION 


A spikelet, the basic unit of a grass inflores- 
cence, consists of an axis (=rachilla) bearing 1 
or more flowers and associated bracts. Each 
flower is subtended by a usually membranous 
bract, the palea, and the combined flower / 
palea is, in turn, subtended by a scale-like lem- 
ma. For the vast preponderance of non-bam- 
busoid grasses, the palea is 2-keeled (1), but 
Bews (2) noted that some grasses bear paleas 
that are apparently 1-nerved. Chase (3) con- 
cluded that in these grasses“... the nerves are 
so close together as to appear like a single one.” 
In contrast, Pilger (4) postulated that the single 
keel is the result of connation of the 2 nerves. 
Both views are highly speculative. Pizzolato 
(5) showed that the 1-keeled palea of the fertile 
floret of Anthoxanthum odoratum has a single 
vascular trace. There is some controversy, how- 
ever, concerning the homology of this structure 
(6, 7). If the unit is a palea, then the observation 
of Pizzolato clearly contradicts the generaliza- 
tion of Chase; however, it does not provide 
confirmation of the fusion of keels in the evo- 
lution of 1-keeled paleas. 

Cinna arundinacea also has a 1-keeled palea 
(8, 9), whereas the three other species in the 


‘Reprint requests should be sent to JRE. 
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genus have paleas with 2 keels; there is no 
doubt that these paleas are homologous struc- 
tures or that the single keel is the derived state. 
This species, therefore, provides an excellent 
opportunity to explore the morphology of 
1-keeled paleas as a prologue to understanding 
their evolutionary origins. Accordingly, we 
studied the vasculature of the palea of C. arun- 
dinacea to determine whether there is a single 
keel or 2 closely placed ones and if the keel, 
or keels, has 1 or more vascular traces. 


MATERIALS AND METHODS 


Spikelets to be sectioned were removed from 
dried herbarium specimens, soaked in Vatsol 
for 2 hr, dehydrated with an ethanol series 
(10% >> 100%), transferred to a mixture of 
Spurr’s resin and propylene oxide (2:1), stored 
overnight, and transferred to a 2:1 mixture for 
2 hr. Infiltration was completed in pure resin 
for 3 hr. Spikelets were then embedded in 
blocks of fresh resin and allowed to harden 
overnight in an oven at 60°C. Sections 5 wm 
thick were cut with a glass knife on an ultra- 
microtome and mounted on glass slides by 
heating them over an alcohol flame. The sec- 
tions were then subjected to a resin extraction 
procedure modified from Russell and Daghlian 
(10), outlined as follows: Acetone, benzene, and 
0.5% KOH (1:1:2) (10 min) > 1% acetic acid 
and 100% methanol (1:1) (2 min) > 100% 
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Paleas of Cinna, electron micrographs. 1. C. arundinacea, one-keeled palea. 2. C. arundinacea, cross- 


section of palea. 3. C. arundinacea, cross-section of palea. 4. C. bolanderi, two-keeled palea. Scale = 30 um (Figs. 1, 


2, 4), 3 wm (Fig. 3). 


methanol (5 min) >> 100% methanol and 100% 
ethanol (1:1) (2 min) > air dry > mount on 
stubs >> sputter coat with Au-Pd. Whole pa- 
leas were affixed to metal stubs by double-stick 
tape and coated with Au-Pd. Specimens were 
viewed with an ETEC Autoscan scanning elec- 
tron microscope at a working distance of 15 
mm. 


RESULTS 


Paleas of C. arundinacea have a single keel, 
covered with trichomes (Fig. 1). Cross-sections 
through the palea reveal thick-walled paren- 
chymatous cells on the outer surface, with a 
typical mesophyll (Fig. 2). A single vascular 
trace with 2 tracheary elements was observed 
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in this keel (Fig. 3). Cinna bolanderi, a 2-keeled 
species, clearly has 1 trace per keel (Fig. 4). 
Each trace is similar to that of C. arundinacea. 


DiscussION 


Cinna arundinacea was first described by 
Linnaeus (11), who made no mention of the 
1-keeled palea. Cross-sections of paleas of this 
species, and of C. latifolia, were studied by 
Behrens (8), who concluded that the paleas of 
C. arundinacea are |-nerved and those of C. 
latifolia 2-nerved. Primarily on the basis of 
this difference, he suggested the removal of 
the latter species from Cinna. Bentham and 
Hooker (12) indicated doubts about the num- 
ber of traces present in the paleas of Cinna; 
they maintained the broader concept of the 
genus. None of the reports mentioning Cinna 
include an illustration of a cross-section of the 
palea (4, 8, 13), and Gould and Shaw (1) cau- 
tiously reported this condition as, “... appar- 
ently 1-nerved.” 

The present study clearly demonstrates that 
the palea of C. arundinacea (Fig. 1) has a 
single keel with 1 vascular trace (Figs. 1, 3). 
The morphology of the paleas of Cinna is al- 
most identical to the 1-keeled structures re- 
ported by Pizzolato (5) for Anthoxanthum 
odoratum. There is no question that the 
1-keeled palea of C. arundinacea arose from 
a 2-keeled ancestor—the outgroups including 
all other species of the genus and all phylo- 
genetically related genera in Agrostideae have 
2 keels. Therefore, Chase’s supposition con- 
cerning the number of keels was incorrect, and 
Sharman’s reluctance to employ the term “pa- 
lea” for the subtending bract in A. odoratum 
was misplaced. 

It is uncertain whether the single keel of C. 
arundinacea arose via fusion, as suggested by 
Pilger (4), or via the evolutionary loss of 1 of 
the 2 nerves. The close proximity of the 2 nerves 
in the other species of Cinna could be con- 
strued as an indication that the single keel re- 
sulted from connation of the 2 nerves. How- 
ever, the vascularization of each of the 2 keels 
of C. bolanderi and the single keel of C. arun- 
dinacea is identical, whereas 2 traces might be 
expected if fusion had occurred. Clearly a rig- 


orous phylogeny and detailed comparative de- 
velopmental studies of all the species of the 
genus are necessary to test these 2 hypotheses. 
Comparative studies of other species of grasses 
with 1-keeled paleas also need to be accom- 
plished to ascertain whether these observations 
are more general. We suggest, however, that 
all 1-nerved paleas can be traced to 2-keeled, 
2-nerved ancestors. 
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ABSTRACT 


The level of elemental sulfur in the stem tissue of Pinus echinata Mill. (shortleaf pine) was measured in 
populations from 5 widely separated locations across the length and breadth of the Cumberland Plateau of 
Kentucky. The overall increase of 51.61% of sulfur in wood tissues formed during the growing seasons of 
1982-1986 compared to 1962-1966 growth periods indicates a correlation with probable increases of sulfur 
emissions and/or depositions into the sample region’s atmosphere and subsequent accumulation of sulfur in 


the substrate of forest communities. 


INTRODUCTION 


Over the past 2 decades, observations on the 
impacts of atmospheric pollutants on forest 
ecosystems have elicited studies on the role of 
anthropogenic components as well as programs 
to ameliorate such influences. LeBlanc et al. 
(1) reported no correlation between historic 
acid deposition patterns and tree growth, based 
on a dendrochronological study. Other inves- 
tigations (2) indicate unexplained reductions 
in the growth of several forest species in the 
eastern United States since the early 1970s, 
including northeastern spruce and fir forma- 
tions and southern yellow pines. 

McLaughlin (3) cited a 1979 study of virgin 
red spruce in Vermont expressing a 50% re- 
duction in basal stem density since the mid- 
1960s and associated species showed similar 
declines, but with no loss of vigorous appear- 
ance. Hornbeck et al. (4) reported similar find- 
ings in red spruce, noting a 13 to 40% reduction 
in wood formed around 1960 and 1980. 
Southern Appalachian pines demonstrated a 
25% reduction in growth during the early 1980s, 
according to United States Forest Service 
sources (3). Bruck (5) cited studies from the 
Georgia and South Carolina Piedmont illus- 
trating growth declines in young loblolly and 
shortleaf pines over a 15-year period. 


‘Reprint requests and correspondence should be ad- 
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While growth reductions have been dem- 
onstrated repeatedly, the actual mechanisms 
and implication of reduced growth have not 
yet been completely understood. It is known 
that SO, is translocated as a metabolized pol- 
lutant, most often in the form of glutathione 
or cysteine, to the most metabolically active 
sites of the plants, e.g., apices (6). Natural fac- 
tors, such as climatic variations, pests and 
pathogens, and competition, are likely causa- 
tive agents (5). However, the combined and 
possibly synergistic effects of several factors 
cannot be discounted. Atmospheric pollutants, 
such as ozone, NO,, and SO,, may be important 
to the loss of primary productivity that ulti- 
mately leads to reduced growth. 

Although sulfur is an essential macroele- 
ment necessary for the synthesis of some amino 
acids, coenzymes, and vitamins (7), high levels 
in foliar materials resulting from atmospheric 
deposition may lead to dysfunctions in the pho- 
tosynthetic apparatus, reduced stomatal func- 
tion, and subsequent reduced growth (8). Sul- 
fur from atmospheric deposition is used as 
readily as sulfur from natural soil sources for 
incorporation into physiologically active prod- 
ucts (7). Whether or not increasing atmospher- 
ic sulfur loads leads to increased sulfur levels 
in xylem tissue was the focus of the present 
study. 

Pinus echinata Mill., the shortleaf pine, was 
selected as a wide-ranging test subject. This 
species is of some economic importance to the 
southern timber industry, including construc- 
tion materials and paper manufacturing. The 
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TABLE | 
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Mean sulfur levels (mg S/g dwt) and %S increases in wood of Pinus echinata from five locations along the 


Cumberland Plateau in Kentucky. Each value represents means of duplicate samples from five trees except where 


noted 


Site 1962-1966 1967-1971 1972-1976 1977-1981 1982-1986, %AS, 1962-1986 
Rock Creek, Laural Co 0.057 0.067 0.074 0.083 0.104 82.46 
Yocum Falls, Rowan Co 0.0514 0.055" 0.060 0.068 0.075 47.06 
Red Bird, Clay Co 0.075" 0.089° 0.083" 0.096 0.130 73.33 
McKee, Jackson Co 0.102 0.089 0.088 0.089 0.094 —7.844 
Robinson's Woods 0.032 0.035 0.039 0.049 0.066 106.25 
Mean values from 
Cumberland Plateau 0.062 0.066 0.068 0.077 0.094 51.61 
a,b,c = number of trees; °n = 4,"n = 1,¢n =3 
4 %AS if 1962-1966 were omitted, ie. %AS 1967-86 = 5.62 


impact of increased sulfur in wood products is 
unknown, although paper exposed to higher 
levels of sulfur deteriorates more rapidly than 
that with lower constituent levels (9). Studies, 
such as the present one, may be useful in de- 
termining the necessity of further investiga- 
tions into the role of pollutants in product qual- 
ity. 


MATERIALS AND METHODS 


Five collection sites for Pinus echinata were 
selected in Kentucky along the Cumberland 
Plateau. Four of the sites were located in the 
Daniel Boone National Forest, and locations 
and collection permits were obtained from the 
Morehead, London, and Red Bird District 
Ranger Stations. The northernmost site was lo- 
cated south of Morehead in Rowan County, 
designated by the Forest Service as Yocum 
Falls. McKee, a site southeast of Berea in Jack- 
son County and more centrally located in the 
Plateau, was also sampled. The southernmost 
site was located near London in Laurel County 
at the Rock Creek Natural Area. Two sites 
were selected farther east in the Plateau, one 
being an interior site from a University of Ken- 
tucky study area designated as Robinson’s 
Woods in Breathitt County, and the other, a 
southern interior site, was located south of 
Manchester near Goose Rock and Plank in Clay 
County, and was designated as the Red Bird 
site. 

Ten full diameter sections, or slab samples, 
were collected at each site except Robinson’s 
Woods, where 8 samples were collected. Thin 
sections from each slab were removed using a 
bandsaw and prepared to facilitate the sepa- 
ration of samples into 5-yr increments for anal- 
ysis. Sections were packaged and labelled as to 


site and tree number. Samples for analysis were 
randomly selected by taking 5 sample lots from 
the population of 8 or 10 trees from each site. 
Duplicate samples from each individual tree 
were prepared to minimize individual sample 
variation effects. When possible, duplicates 
were not taken from adjacent slab sample sec- 
tions in order to estimate more accurately an 
overall level of sulfur accumulation. 

Bark, and any growth from the 1987 or 1988 
growth seasons, was removed in order to com- 
pare wood from complete growth periods as 
well as to reduce the possiblity of influencing 
sulfur readings with extraneous or adherent 
sulfur contamination that might be found 
within or on the bark. Samples were oven dried 
at 70°C for at least 24 hr prior to analysis. 

Elemental sulfur levels were examined using 
the LECO SC-132 Sulfur Determinator in the 
Coal Chemistry Laboratory at Western Ken- 
tucky University. Instrumental calibration was 
conducted using a 0.4% sulfur coal standard, 
NBS Standard Reference Material number 
2682, Sulfur in Coal, from the United States 
Department of Commerce, Bureau of Stan- 
dards. Instrumental evaluations of samples in 
weight percentages were converted to mg S/g 
dry weight (mg S/g dwt) for statistical analysis. 


RESULTS 


An increasing trend in the levels of sulfur 
in the wood of Pinus echinata was detected 
from 1962 to 1986 (Table 1). The relatively 
secluded Robinson’s Woods site displayed the 
greatest per cent increase in sulfur content, 
rising from 0.032 mg S/g dwt in the 1962- 
1966 increment to 0.066 mg S/g dwt in the 
1982-1986 growth period for a per cent in- 
crease of 106.25%. McKee experienced a trend 
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TaBLe 2. ANOVA for sulfur levels in wood of Pinus 
echinata for five sites along the Cumberland Plateau in 


Kentucky, and four five-year increments from 1967 to 
1986, using SAS GLM procedures. 


TaBLeE 3. Summary of results of ANOVAs for the five 
Cumberland Plateau collecting sites during four time in- 
crements using SAS GLM procedures. 


Increment Source df Type LSS 10 
ane Be cree aie e 1967-1971 location 4 0.0076 1.32 
7 1972-1976 location 4 0.0083 1.50 
Time 3 0.0110 0.0037 12.03*** 1977-1981 location = 40,0071 1.60 
Time X group 12 0.0033 0.0003 0.92 n.s. 1982-1986 location 4 0.0120 9.95* 
*** P< 0.001 *P < 005 


contrary to the overall pattern with an initial 
decline from the sampled maximum level of 
0.102 mg S to 0.089 mg S, and then increasing 
to nearly the initial level. The Plateau mean 
levels showed the increasing trend, with over- 
all means increasing from the 1962-1966 level 
of 0.062 mg S/g dwt to the most recent level 
of 0.094 mg S/g dwt. This overall value reflects 
a per cent increase in the level of sulfur of 
51.61%. 

An analysis of variance of the sulfur data 
from the Cumberland Plateau revealed the sig- 
nificance of the time component (F = 12.03, 
P > F 0.001) in the rising trend, but failed to 
discern any significance in a time X geograph- 
ic location interaction (time =< loc F = 0.92, 
P > F 0.5366) (Table 2). Contrasts of the var- 
ious time groups with the most recent years 
yielded highly significant F values (Table 4). 
In a comparison of the various locations for 
each of the five increments, no significant dif- 
ferences were found in sulfur levels from 1962- 
1981. However, a significant F value was found 
among locations during the 1982-1986 incre- 
ment with an F value of 2.95, P > F 0.05 
(Table 3). 


DISCUSSION 


Atmospheric pollutants are found in all areas 
of the world, including both remote and in- 
dustrialized regions (10). Such pollutants may 
influence the health and subsequent growth of 
many plant species, including Pinus echinata. 
Though we report observations similar to those 
of McLaughlin in the OTA report (3) regard- 
ing growth declines in this species, we present 
no data on actual growth reductions since the 
last 6 years of the study period coincided with 
the recent drought in the southeast. Drought 
effects could severely confound any effects of 
the pollutant focus of this study. 

Sulfur levels in the wood of Pinus echinata 


appear to be increasing as is evident from the 
data in Table 1. Sites relatively remote from 
population centers (Red Bird and Robinson's 
Woods) do not seem to vary significantly from 
the sites closer to more populated areas (Rock 
Creek and Yocum Falls). McKee poses a more 
incongruous problem in that the initial level 
was substantially higher than the other sites, 
and there was an apparently decreasing trend. 
Such an abnormal pattern may bave been the 
result of historic industrial activities in the area 
involving tremendous coke production from 
coal in the McKee Valley and correlated higher 
pollutant loads during the period in question 
which ceased in the latter part of the 1950s. 

Even though a slightly significant site effect 
was detected in the 1982-1986 growth incre- 
ment, the overall analysis resulted in the ab- 
sence of a significant site influence, and there 
appears to be no geographic location * time 
interaction. The significance of the time com- 
ponent is very convincing, with P > F 0.001 
(Table 2). 

It has been suggested that a dilution effect 
may be responsible for the lower sulfur levels 
in the earlier wood, that is, similar amounts of 
sulfur may exist in all wood, but with greater 
volume in older wood due to faster growth and 
assimilation by trees when younger, less sulfur 
would be apparent. That is probably not the 


TaBLe 4. Contrast of previous time increments (t,,) versus 
the most recent increment, 1982-1986, from the collection 
sites on the Cumberland Plateau of Kentucky, using the 
SAS GLM procedures. In this analysis, each increment 
represents the combination of all sample sites for that 
increment period. 


t, vs. 1982-1986 df F 
1967-1971 1 22. 10*** 
1972-1976 1 piece 
1977-1981 1 14.39** 

*** P< 0,001 


ae P<) 0:01 
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case, since most of the samples were of rela- 
tively similar size (ca. 0.5 g). Also, since the 
measurements were conducted on a weight per 
cent basis, a volume dilution effect would be 
of less consequence as well. 

The actual mechanism of sulfur accumula- 
tion is not known in Pinus echinata. It is not 
likely, however, that the sulfur is actually in- 
corporated into the cell-wall matrix as carbon, 
hydrogen, and oxygen levels in the xylem in- 
dicate no differences between high and low 
sulfur wood samples (11). Additional research 
underway has suggested that the sulfur resi- 
dues are, instead, adherent to the xylem tissues, 
and may even by removable by washing under 
vacuum. 

No easily discernible pattern was detected 
linking precipitation and wood sulfur loads. 
Mean precipitation levels varied yearly, and 
yielded 5-year incremental means of 44.86 in. 
in 1962-1966, 43.48 in. in 1967-1971, 51.43 
in. in 1972-1976 and 49.62 in. in 1977-1980 
while the sulfur levels continued to increase. 
Similarly, data from the Office of Technolog- 
ical Assessment (3) indicate that atmospheric 
sulfur levels have declined slightly over the 
past decade, while the increase in wood sulfur 
content has continued to increase. Obviously, 
this type of pattern suggests that the total ac- 
cumulation of SO; over the years has provided 
a reservoir of sulfur in the habitat above levels 
of pre-anthropogenic releases that will contin- 
ue to be expressed in the type of analysis seen 
in this study. 
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ABSTRACT 
Paulownia tomentosa, a shade-intolerant naturalized species, grows in open and disturbed areas. This 
pioneering capability could be supported, in part, with infection by a number of mycorrhizal fungi, Ten of 
12 mycorrhizal fungi species and/or isolates tested infected Paulownia seedlings. Infection ranged from very 
poor by Glomus intraradices (isolate Shenck) and Gigaspora gregaria to excellent by Glomus intraradices 
(isolate Ames) and Glomus epigaeum. Seedling-shoot dry weights were not significantly different among 


inoculation treatments; however, stem heights and root dry weights varied significantly. Noninoculated 
(control) seedlings were free of infection and had significantly greater growth parameters than many other 


seedlings of other inoculation treatments. 


INTRODUCTION 


Paulownia tomentosa (Thunb. ) Steud., a tree 
species in the family Scrophulariceae (1) and 
native to China (2), was introduced into the 
eastern United States nearly 150 years ago. 
Now scattered and naturalized in over 30 east- 
ern, southern, and western temperate states, 
P. tomentosa is considered to have great po- 
tential for stripmine reclamation. shelterbelt 
plantings, biomass production, cash-crop tim- 
ber plantations, pulp production, and orna- 
mental use. It is also just now starting to be 
used by the crafts industry to make speciality 
items such as dulcimers, bowls, goblets, clocks, 
flakeboard, and other assorted items. 

Years of world research on mycorrhizae have 
revealed the critical role they play in estab- 
lishment, survival, and growth of many tree 
species (3). The silvical characteristics (4) and 
mycorrhizal associations of Paulownia tomen- 
tosa (5) have been observed in the wild and 
studied in experimental production, field plan- 
tations, and controlled culture techniques. 
Paulownia tomentosa was endomycorrhizal 
on a variety of sites and spores of different 
mycobiont species were found in the rhizo- 
sphere of these 2, 9, 14, and 22 year-old sites. 
This study sought to determine the extent to 
which P. tomentosa became infected by dif- 


ferent vesicular-arbuscular mycorrhizal fungi 
(VAM) and how seedling growth would be af- 
fected by the endomycorrhizal symbiosis. 


MATERIALS AND METHODS 


The study was conducted over a 144-day 
period. Paulownia tomentosa seedlings were 
grown in pots from seed in a greenhouse me- 
dium inoculated by several endomycorrhizal 
fungi. Plants were arranged in a randomized 
complete block design, with 5 blocks, each block 
consisting of 14 fungus treatments applied to 
single plants in pots. Thus, there were 5 plants 
per fungus treatment totalling 70 plants for 
the entire study. 


Inocula Preparation 


Endomycorrhizal inocula from different labs 
(Table 1) consisted of infected roots, spores, 
hyphae, and soil. Each inoculum was expanded 
by mixing 20 ml in pots with a sterile mixture 
of 350 ml coarse quartz sand and 430 ml sandy 
loam (pH 6.3; 95, 171, and 100 ppm Mg, P.O; 
and K,0O, respectively). Pots were seeded with 
Sorghum sudanense (Piper) Stapf (Sudan- 
grass) and placed in a growth chamber at 25°C 
and a photoperiod of 14% hours for 55 days. 

At harvest, Sudangrass roots were removed 
and macerated in a Waring blender. Soil was 
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TaBLel. Fungal treatments, fungus name, identification, sources, and suppliers for the Paulownia tomentosa inoculum. 
Treat- 
ment no Fungus LD. # Source (person, place, hosts) Supplier* 
] Glomus macrocarpum 619 Menge. Nemec, FL—citrus— Menge. 
Sudangrass 
2 Glomus mosseae 652 Menge. Oceano, CA—celery— Menge. 
Sudangrass 
8 Gigaspora gigantea 649 Menge. Bishop, CA—alfalfa— Menge. 
Sudangrass 
4 Glomus epigaeum at Menge.—Sudangrass Menge. 
5 Glomus deserticola 0-1 Menge. Thermal, CA—citrus— Kirkun. 
Sudangrass (Sudangrass) 
6 Mixture of Complexipes — Beckjord. Harmans, MD—Paulownia Beckjord. 
moniliformis, 
Acaulospora laevis, 
Glomus intraradices 
and unknowns 
¢ Glomus macrocarpum =~ Schenck. FL—Sudangrass or soybean Schenck. 
8 Glomus intraradices _ Schenck. FL—Sudangrass or soybean Schenck. 
9 Gigaspora gregaria — Schenck. FL—Sudangrass or soybean Schenck. 
10 Acaulospora spinosa ACW Walker. IL—Soybean Ames. 
(Strawberry) 
ll Gigaspora margarita GmJM Menge. IL—Soybean Ames. 
(Strawberry) 
12 Glomus intraradices Gic Ames. Oxnard, CA—celery Ames. 
(Strawberry) 
13 Control #1 (Sterilized -- Beckjord. Harmans, MD—Paulownia Beckjord. 
roots and soil of #6) 
14 Control #2 (no inoculation) — — Beckjord. 
* Supplier produces inoculum in quantity by growing fungus with nurse plants (i.e., strawberry or Sudangrass) as indicated 
**1.D._ no. not provided 


Note: These are all raw sources which were again propagated in quantity with the nurse plant, Sudangrass, in a growth chamber 


wet-sieved and the filtrate from the 45-420 
um fraction was retained. One-hundred ml of 
rinse water was retained from each culture and 
filtered through Watman #1 paper and pooled. 
Filtering was provided to remove spores and 
hyphal fragments and to allow other micro- 
organisms to pass through. 


Inoculations and Seedling 
Production 


Seventy plastic pots (780 ml@) were filled 
with a mixture of sterile coarse quartz and 
sandy loam (3:2 v/v). Inocula were placed into 
2.5 cm deep and 1.5 cm diameter holes pre- 
viously depressed into the media. Ten ml of 
filtered water (pooled composite of all inocu- 
late/soil sources) were added to each of the 
pots. Several P. tomentosa seeds (single-tree 
source) were sown into the center of each pot. 
Pots were placed on a greenhouse bench and 
misted for 18 seconds each 3 minutes during 
the hours between 0300-2200 for 30 days. 
Seedlings were thinned to one per pot. Control 
#1 (Treatment #13) inoculum consisted of soil 


and roots of fungus treatment #6 boiled for 
15 minutes prior to application (Table 2). Con- 
trol #2 (Treatment #14) received no inocu- 
lum, but both controls #1 and #2 received 
filtered water. Plants were grown in a glass- 
house at 24-28°C. Seedlings were fertilized ap- 
proximately every 6 days starting with the 38th 
day after planting. Increased concentrations of 
solutions of soluble NPK (25-5-20) fertilizer 
were added to insure survival and accomodate 
increased seedling growth beginning with 0.7 
mg/pot and ending with 36.0 mg/pot. 


Collection and Analyses of Data 


The trees were harvested after 144 days and 
stem height, shoot dry weight, root dry weight, 
and endomycorrhizal conditions were mea- 
sured and/or assessed. Seedling growth data 
were statistically analyzed with ANOVA and 
LSD for significant differences. Correlations 
were determined between growth parameters 
and endomycorrhizal infection. 

Roots were gently removed from the media 
and approximately 30 rootlets were randomly 
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TABLE 2. 
domycorrhizal (VAM) fungi. 
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Growth and endomycorrhizal parameters of Paulownia tomentosa seedlings inoculated with several en- 


Shoot dry Endomy- 
weight* Roots* Endomy- corrhizal 
Treatment Stem height* (g) dry wt corrhizal infection 
no Fungus species (cm) (no sig. diff.) (g) condition** rating*** 
1 Glomus macrocarpum 10.8 ab 1.6 1.8 abe V,A 8 
2 Glomus mosseae 10.3 ab 1.8 1.7 abed V,A 1.4 
3 Gigaspora gigantea 10.8 ab 1.7 1.7 abed — 0.0 
4 Glomus epigaeum 10.1 abed 1.7 1.6 bed V,A 5.0 
5 Glomus deserticola 10.0 bed U7 1.0f — 0.0 
6 Mix (See Table 1) 9.3d 1.4 1.5 bede VA 1.8 
7 Glomus macrocarpum 10.1 abed 1.8 1.5 ede VA 2.4 
8 Glomus intraradices 10.2 abe 1.7 1.4 de V 0.4 
9 Gigaspora gregaria 9.9 bed 1.7 1.4 de A 0.8 
10 Acaulospora spinosa 10.3 abe 1.9 1.7 abed V,A 1.4 
11 Gigasporsa margarita 9.4 cd 1.6 1.4 de V,A 3.0 
12 Glomus intraradices 10.0 bed 1.9 12 ef V,A 48 
13 Control #1 1l10a 2.0 1.8 ab — 0.0 
14 Control #2 11.0a ed 2.0a a 0.0 
* Data in columns followed by similar letter are not significantly different at P = 0.05 
** V = vesicles, A = arbuscules. 
*** Rating: 0 = none, 1 = poor, 2 = fair, 3 = good, 4 = excellent, 5 = superb. To convert rating to per cent fungal colonization: Rating number x 20 = 


% fungal colonization 
Note: Study | results from 144-day-old seedlings, n = 5 per treatment 


sampled from each root system to estimate ex- 
tent of mycorrhizal infection. Rootlets were 
soaked in 10% KOH for 25 hours, rinsed with 
H,O, soaked in 0.1 N HCl for 30 minutes, 
rinsed with H,O, and stained for 4 hours in 
lactophenol-trypan blue (6). Mycorrhizal in- 
fection was qualitively rated on a scale of 0.0 
to 5.0 using a dissecting microscope. Ratings 
corresponded to approximate percentage of 
fungal tissue (stained tissue) in root segments 
in the form of hyphae and other structures 
[rating 0.0 = 0% and 5.0 = 100% fungus col- 
onization (rating number x 20 = % coloni- 
zation]. Infected rootlets were selected, mount- 
ed, and photographed. Soil samples were 
macroscopically examined for spores and 
sporocarps. 


RESULTS AND DISCUSSION 
Plant Growth 


Mean stem heights, top dry weights, root 
dry weights, and endomycorrhizal coloniza- 
tion for P. tomentosa seedlings after 144 days 
by inocula treatments are presented in Table 
2. Stem heights of seedlings of both controls 
(Trt #13, #14) were significantly greater than 
treatments 5, 6, 9, 11, and 12. Root weights of 
control seedlings were significantly greater 
from those of seedlings of treatments 5, 7, 8, 
9, 11, and 12. There were no significant dif- 


ferences in shoot dry weights among all treat- 
ments. The lack of marked differences in 
growth may have been due to the high levels 
of nutrient availability and/or the relatively 
short growing time for this study. There were 
no significant correlations between growth pa- 
rameters and endomycorrhizal infection. 


Endomycorrhizal Condition 
and Infection 


Control inoculations (Trt #13, #14) were 
free of mycorrhizae (Table 2). Paulownia to- 
mentosa seedlings inoculated with Gigaspora 
gigantea (Trt #3) were also nonmycorrhizal. 
Paulownia seedlings inoculated with Glomus 
macrocarpum, Glomus mossea, Glomus epi- 
gaeum, Glomus intraradices, Glomus deser- 
ticola, Gigaspora gregaria, Gigaspora mar- 
garita, Acaulospora spinosa, and the mixture 
of species (Trt #6, nursery soil) were mycor- 
rhizal to varying degrees (Table 2). Infection 
was highest in seedlings inoculated with Glo- 
mus epigaeum (Trt #4) and Glomus intrar- 
adices (Trt #12). Two other strains of Glomus 
intraradices (Trt #5 and #8) also infected P. 
tomentosa but to a lesser degree. Sporocarps 
were not found in any of the samples. How- 
ever, regeneration of spores was frequently ob- 
served. 

Control seedlings tended to have greater stem 
heights and root dry weights than inoculated 
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seedlings, possibly because the latter may have 
been competing for carbohydrates and nutri- 
ents with associated fungi (7). Seedlings inoc- 
ulated but not infected grew at a low to in- 
termediate rate for unknown reasons. 

Paulownia seedlings inoculated with some 
species of Gigaspora, Glomus, and Acaulos- 
pora were endomycorrhizal. One of 3 species 
of Gigaspora and 2 of 3 isolates of Glomus 
intraradices infected P. tomentosa seedlings. 
Three major reasons are suggested for selective 
mycorrhizal infection. Host/mycobiont spec- 
ificity may occur with species within a fungal 
genus and or isolates within a fungal species. 
The density of viable propagules in inocula of 
some fungal treatments may have been inad- 
equate for host/mycobiont interaction. Final- 
ly, the environmental conditions and/or time 
required for infection may have been unsat- 
isfactory. The high degree of phosphorus in 
the sandy loam in this study may have been 
responsible for the low per cent of infection in 
some treatments. 

This study demonstrated that P. tomentosa 
can become endomycorrhizal with a number 
of endomycorrhizal fungal species and strains 
within species to varying degrees. Seedlings 
become mycorrhizal in a short period of time 
either when started from seed or from modi- 
fied cuttings of young containerized seedlings 
(unpublished study). More studies are needed; 
however, to determine the appropriate nutri- 
ent concentrations for maximum mycorrhizal 
production in the containerized production of 
P. tomentosa. 

Paulownia tomentosa, a shade-intolerant 
species, tends to grow in open areas or on south- 


TRANS. KENTUCKY ACADEMY OF SCIENCE 52(3-4) 


facing slopes and volunteers on old strip-mined 
as well as newly disturbed areas such as surface 
mines and road construction sites (8). This pi- 
oneering capability could be supported in part 
by infection by mycorrhizal fungi. If tech- 
niques could be developed to produce mycor- 
rhizal seedlings in the greenhouse or the nurs- 
ery, large scale production of infected seedlings 
could be available for plantation establishment 
programs. 
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ABSTRACT 

Paddlefish, Polyodon spathula, fingerlings with a mean weight of 3.6 g were stocked at 4,940 and 9,880 
fish/ha in 0.04-ha earthen ponds and cultured for 131 days. Fish were fed a prepared diet (50% crude 
protein) at 15% of total body weight daily until a maximum rate of 114 kg/ha/day was attained; the feeding 
rate was not increased thereafter. Mean harvest weights for fish stocked at 4,940 and 9,880 fish/ha were 107 
and 139 g, respectively (P > 0.05). Percentage survival, food conversion ratio, and specific growth rate of 
paddlefish was not significantly different (P > 0.05). Data indicate that paddlefish can be stocked at a higher 
density than previously reported if supplemental feed is provided. 


INTRODUCTION 


Considerable interest in producing paddle- 
fish, Polyodon spathula, for stock enhance- 
ment, remediation, and for foodfish and caviar 
exists in the United States. Although culture of 
paddlefish was first attempted in the early 
1900s (1), it was not until the early 1960s that 
paddlefish eggs were successfully collected, 
fertilized, and hatched (2). Techniques to 
spawn and rear paddlefish have continued to 
develop (3-6). 

Paddlefish longer than 120 mm are filter 
feeders that consume zooplankton (7). Natural 
production of paddlefish in reservoirs has pro- 
duced between 11 to 22 kg of paddlefish/ha 
(8, 9). These values are in agreement with ex- 
tensive rearing of the zooplanktivorous big- 
head carp, Aristichthys nobilis, with produc- 
tion yields of approximately 22 kg/ha (10). 
When reared in polyculture with channel cat- 
fish, Ictalurus punctatus, where the channel 
catfish are fed a prepared diet, yields up to 
460 kg/ha of paddlefish have been achieved 
(11). This low production potential limits com- 
merical-scale rearing of paddlefish in ponds. 
In pond culture, stocking density depends on 
the size of the pond, fertilization of the pond, 
availability of natural food, supplemental 
feeding, and water quality (especially levels of 
dissolved oxygen and waste products) (12). 

Fingerling paddlefish have been reported to 
consume a prepared diet (5, 13). Feeding a 
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prepared diet to paddlefish reared in ponds 
may enable stocking densities to be increased 
and also result in increased yields similar to 
those found in commerical channel catfish cul- 
ture. The objective of this study was to inves- 
tigate the effect of feeding a prepared diet on 
growth and yield of paddlefish stocked at 2 
different densities reared in earthen ponds in 
Kentucky. 


MaTERIALS AND METHODS 

Fingerling paddlefish (mean individual 
weight 3.6 + 0.5 g; mean total length 12.0 + 
1.0 cm; 47 d old) were randomly stocked into 
0.04-ha ponds of the Aquaculture Research 
Center, Kentucky State University on 20 May, 
1988. Prior to stocking, paddlefish were held 
in organically-fertilized 0.02-ha ponds. Two 
ponds were randomly stocked with either 9,880 
fish/ha or 4,940 fish/ha. These stocking rates 
correspond to a commerical channel catfish 
density and one-half a commercial density, re- 
spectively. There were 2 replications per treat- 
ment. Ponds were filled immediately prior to 
stocking and were not previously fertilized. 
Zooplankton samples were not taken, since the 
effect of stocking density and feeding a pre- 
pared diet on growth was the main objective. 
Fish were fed immediately after stocking and 
trained to actively consume the prepared diet 
within 10 d after stocking. 

All fish were fed a commercially prepared 
diet (Zeigler Trout Starter #5102, 50% crude 
protein and 10% crude fat) at 15% of body 
weight daily throughout the study, with a max- 
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TABLE 1 
ing two densities of paddlefish.! 


Summary of water analyses for ponds contain- 


Stocking density (number/ha) 
Variable 4,940 9,880 
Temperature (°C) 
Morning 22.8 + 0.7 22.4 + 0.0 
Afternoon 26.1+ 0.1 25.3 + 1. 
Dissolved oxygen (mg/1) 

Morning io = 01* dele 00% 
Afternoon 10.7+13 10.8 + 0.4 
pH 8.29 + 0.66 8.29 + 0.44 

Total ammonia 
(as mg/I N) 152 =e 1510 0.38 + 0.30 
Nitrite 
(as mg/I N) 0.220 + 0.113 0.098 + 0.076 
Values are means + SE for two replications. Means within a row having 


an “*" were significantly different (P < 0.05) 


imum rate of 114 kg/ha/day (12). Since pad- 
dlefish are filter-feeders, a diet with small par- 
ticle size is desired, even as fish grow. Calculated 
feed allowance was divided into 3 equal 
amounts and fed 3 times daily (0900, 1300, 
and 1600 hr) in a specified corner of the pond. 
Feed allowance was adjusted at the beginning 
of each month based on weights of 40 sampled 
fish from each pond and every 2 weeks by 
assuming a 1.5 food conversion (14). Fish were 
individually weighed (g) and total length mea- 
sured (cm). At monthly samplings, stomach 
contents of 10 fish from each pond were suc- 
tioned and qualitatively analyzed for the pres- 
ence or absence of prepared diet using a dis- 
secting microscope. After 131 days, the fish 
were harvested, counted, weighed, and mea- 
sured. 

Dissolved oxygen and temperature were 
monitored twice daily (0900 and 1800 hr) at 
0.75 m depth using a YSI Model 57 oxygen 
meter. When the dissolved oxygen level of any 
pond was predicted (by graph) to decrease to 
below 3.0 mg/liter, emergency aeration was 
provided. Ammonia, nitrite, and alkalinity were 
measured weekly using a DREL/5 spectro- 
photometer (Hach Co., Loveland, Colo.), and 
pH was measured weekly in the afternoon us- 
ing an electronic pH meter (Omega Engi- 
neering, Stanford, Conn. _). 

Fish were not fed 24 hr prior to harvest. 
Total number and weight of fish in each pond 
were determined. Forty fish were randomly 
sampled from each pond and each fish was 
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TaBLe2. Individual fish lengths and weights, percentage 
survival, food conversion ratios (FCR), specific growth rates 
(SGR), and protein efficiency ratios (PEF) for paddlefish 
raised at two densities in earthen ponds in Kentucky.! 


Stocking density (number/ha) 


Parameter 4,940 9,880 
Indiv. length (cm) 34.4 + 2.6 37.0 + 3.8 
Indiv. weight (g) 107.1 + 34.7 139.4 + 42.3 
Survival (%) 12 VAS 41.8 + 125 
FCR 9.8 = 4.1 13.0 + 6.3 
SGR 2H = 0:3: 2.7 + 0.2 
PER 0.43 + 0.07 0.49 + 0.05 
‘Values are means + SE of two replications. Means with an “*” were 

significantly different (P < 0.05) 


weighed to the nearest gram and total length 
measured to the nearest cm. Food conversion 
ratio (FCR), specific growth rate (SGR), and 
protein efficiency ratio (PER) were calculated 
as follows: FCR = total feed fed (kg)/total wet 
weight gain (kg); PER = wet weight gain (kg)/ 
amount of protein fed (kg); SGR (%/day) = 
(log W, — log W,/T) x 100, where W, is the 
weight of fish at time t, W, is the weight of 
fish at time 0, and T is the culture period in 
days. 

Data were analyzed by Student’s t test using 
the SAS TTest procedure (15). Percentage sur- 
vival and specific growth rates were trans- 
formed to arc sin values prior to analysis (16). 


RESULTS AND DiIscCUSSION 


There were no significant differences (P > 
0.05) in mean temperatures, pH, dissolved ox- 
ygen, total ammonia, and nitrite in ponds be- 
tween the 2 stocking densities (Table 1). Mean 
morning dissolved oxygen values were signif- 
icantly (P < 0.05) different (7.5 and 7.1 for 
ponds stocked at 4,940 fish/ha and 9,880 fish/ 
ha, respectively). All water quality parameters 
were considered within acceptable limits for 
warmwater fish culture (17). 

There were no significant differences (P > 
0.05) in individual fish lengths, individual fish 
weights, survival, food conversion ratios (FCR), 
specific growth rates (SGR), and protein effi- 
ciency ratio (PER) between fish stocked at two 
different densities (Table 2). Individual fish 
weights were 107.1 and 139.5 g for fish stocked 
at 4,940 fish/ha and 9,880 fish/ha, respectively 
(Fig. 1). Individual fish weights in this study 
were higher than reported by Graham et al. 
(56 g) (13). Methods to increase density and 
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production of large (100 g) fingerlings are de- 
sirable due to the need for large fingerlings to 
stock in reservoirs (12) and for polyculture (11). 
Tidwell and Mims (18) reported high mortality 
of small paddlefish (10 g) fingerlings when 
stocked with large (400 g) channel catfish. 

Percentage survival averaged 57% overall 
after 131 days, which is in agreement with 
values reported by Semmens (19). Graham et 
al. (13) reported percentage survival at the end 
of a growing season averaged 38%. Stocking 
density had no significant (P > 0.05) effect on 
food conversion ratios (FCR) which were 9.8 
and 13.0 for fish stocked at 4,940 fish/ha and 
9,880 fish/ha, respectively. Previous studies 
have not presented FCR values. Gut analysis 
revealed that the prepared diet was being con- 
sumed by the fish. This is in agreement with 
Brandt (5), who reported that paddlefish would 
consume a prepared diet. Specific growth rate 
(SGR) was not significantly different (P > 0.05) 
and was 2.5% /day and 2.8%/day for paddle- 
fish stocked at 4,940 fish/ha and 9,880 fish/ha, 
respectively. Protein efficiency ratio (PER) was 
not significantly (P > 0.05) different between 
fish stocked at 4,940 fish/ha (0.25) and fish 
stocked at 9,880 fish/ha (0.20). 

The high FCR indicates that paddlefish may 
not consume a dry diet as efficiently as other 
fish species. A small particle size in a diet is 
desirable for feeding filter-feeders and should 
not have adversely affected growth. Michaletz 
(7) reported that paddlefish consume Daphnia 
sp., which are present in high numbers in ponds 
during the spring in Kentucky, throughout the 
life-cycle. Fish were trained to feed in a spe- 
cific area of the pond and the rate of diet 
application should have allowed fish to con- 
sume the diet. In this study, paddlefish fry were 
consuming the prepared diet within 10 days 
after stocking. Graham et al. (13) reported that 
paddlefish fry consumed a prepared diet with- 
in 13-18 days. Young paddlefish will consume 
a prepared diet when fed in close proximity 
to the fish. However, paddlefish do not actively 
search for the diet (13). Diet that was not con- 
sumed while in the water column settled to 
the pond bottom and was not eaten. Uneaten 
feed could act as a fertilizer and maintain zoo- 
plankton populations (20). Diets that remain 
in suspension for longer periods of time may 
allow paddlefish to consume prepared diets 
more efficiently and reduce FCR values. Re- 


150 - 


v 9880 fish/ha 
@ 4940 fish/ha 


100 F Pe 


Vv 
GS 
= ° 
= 
a 
o 
= 
z J 
Vv 
La 
fe) 1 1 1 1 J 
) 1 4 
Sampling Period 
Fic. 1. Weight (g) of paddlefish fingerlings stocked at 
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duced growth performance associated with 
white sturgeon, Acipenser transmontanus, 
larvae fed prepared diets has been attributed 
to imprinting of larvae to live foods after ini- 
tiation of exogenous feeding (21). Paddlefish 
fry used in this study fed on live foods after 
the start of exogenous feeding, so imprinting 
onto live foods may have been possible. Pad- 
dlefish fry fed prepared diets from initiation 
of exogenous feeding had a high percentage 
(>80%) of fish consuming the diets (22). 

The lack of significant difference in growth, 
survival, and food conversion probably indi- 
cates that carrying capacity was not reached. 
Higher stocking rates may result in increased 
yields without a decrease in growth rate and 
percentage survival. However, the lower (al- 
though not statistically significant) survival in 
fish stocked at 9,880 fish/ha compared to fish 
stocked at 4,940 fish/ha may indicate that this 
stocking density is too high. However, stocking 
paddlefish at 9,880 fish/ha and feeding a pre- 
pared diet 3 times daily doubled the gross yield 
reported by Semmens and Shelton (11) in fer- 
tilized ponds. This increased stocking density 
may allow for more intensive culture of pad- 
dlefish than previously reported. 
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Hesperarion mariae (Gastropoda:Arionidae:Ariolimacinae), 
a New Slug Species from Oregon! 
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ABSTRACT 


A new species of arionid slug, Herperarion mariae, is described from northern, coastal Oregon, representing 
the first report for the genus in the state. The new species is judged to be most closely related to Hesperarion 


hemphilli. 


INTRODUCTION 


Until this report, members of the slug genus 
Hesperarion were thought to be restricted in 
distribution to California around and south of 
San Francisco (1, 2, 3, 4). Two species have 
been described previously, H. niger (J. G. Coo- 
per 1872) and H. hemphilli (W. G. Binney 
1875). Thus, the discovery of the genus in 
northern coastal Oregon not only represents a 
significant range extension of several hundred 
miles, but it also provided material for the 
description of a striking new species. 


Hesperarion mariae Branson, spec. nov. 
Figures 1, 2 


The head, tentacles and face are off-white, 
but the top of the head is pale reddish-tan in 
life. The head is rather long and not retractable 
beneath the mantle. The top of the head and 
sides of the neck are coarsely scuptured by 
deep grooves. The tentacles are thick-set and 
muscular in appearance. The smooth, reddish- 
tan mantle is approximately % longer than 
wide, being widest in the posterior half. The 
mantle is marked with large, roundish black 
spots and irregular blotches that are not ar- 
ranged ina pattern. A large, non-spiral internal 
shell occupies the widest portion of the mantle, 
its outline being clearly visible externally. The 
slit-like pneumostome is definitely behind the 
middle of the mantle on the right side. The 
body behind the mantle, pale reddish-tan 
above, grading to yellowish-white on the sides, 
is raised in a hump beneath the mantle. Nu- 


' Supported by an Eastern Kentucky University Faculty 
grant. 


merous black and grayish blotches and spots 
are arranged longitudinally on the back and 
upper sides, following the coarse longitudinal 
grooves. On the lower sides, the spots lose their 
patterned appearance, and the grooves be- 
come diagonal, almost vertical below the man- 
tle. The foot margin is yellowish-white, nar- 
row, and divided by numerous coarse vertical 
grooves. The longitudinal pedal grooves meet 
in a very large and open pit at the posterior 
end, the ventral portion of which is bent down- 
ward (Fig. 2). The very indistinctly tripartite 
sole is milky white and unmarked by pigmen- 
tation in life. The jaw is reddish-brown and 
bears coarse rib-like striations. The penis is 
somewhat swollen and constricted near the 
base. The large verge fills most of the penis, 
being somewhat triangular, widest above. The 
oviduct is much longer than the penis. 

Measurements: only 2 specimens were col- 
lected during the summer of 1981 (22 June 
1981), both being 20 mm long after preser- 
vation in 50% isopropyl alcohol. In the holo- 
type, the foot measures 3.5 mm in greatest 
width, the mantle is 4.0 mm in greatest width 
and 7.0 mm in greatest length. The head, from 
the anteriormost tip to the anterior edge of the 
mantle, is 3.0 mm. The second specimen was 
sacrificed for dissection purposes. 

Type locality: crest of Cape Lookout in a 
Sitka spruce forest, R 10 W, T 2 S, Tillamook 
County, Oregon. In decaying wood. 

Holotype: Field Museum of Natural Histo- 
ry, FMNH 198763. 

Etymology: this beautiful little slug is named 
in honor of my constant companion, my wife, 
Mary Louise Branson. 

Diagnosis: Hesperarion mariae is an arionid 
slug that differs from all other members of the 
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genus by characteristics of the genetalia and 
features of the body sculpturing on the head 
and body, by the raised hump-like area be- 
neath the mantle, and by color pattern. It is 
most closely related to H. hemphilli (W. G. 
Binney) but differs from that species in the 
decidedly reddish pigmentation, in having the 
black spots of the body arranged in definite 
rows, in having a larger caudal pit with a down- 
turned ventral portion, and in possessing a mas- 
sive triangular and constricted penis. 


Dorso-lateral view of Hesperarion mariae. Holotype. Scale line = 10.0 mm. 
Posterior end of Hesperarion mariae (holotype) showing pronounced deep pit and downward deflection of 
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ABSTRACT 


The human population in the Appalachian area of Eastern Kentucky experienced a long period of isolation 
followed by significant emigration. These forces may result in differentiation among populations and dis- 
equilibrium within populations. Using ABO and Rh blood group data obtained from 3 locations in Eastern 
Kentucky, the population was compared with others and was tested for its equilibrium. Frequency distri- 
butions of both the ABO and Rh blood groups in Eastern Kentucky (44.9% A, 8.2% B, 44.2% O, 2.7% AB; 
81.5% Rh+, 18.5% Rh-—) differed from those reported for a larger region of Kentucky (39.5% A, 9.5% B, 
47.4% O, 3.6% AB; 81.1% Rh+, 18.9% Rh—) and for the general population (38.8% A, 11.1% B, 46.1% O, 
3.9% AB; 83.4% Rh+, 16.6% Rh—), indicating that differentiation has occurred. Comparison of the observed 
and expected frequencies of A, B, O, and AB types indicated that the population was at equilibrium for the 


ABO blood group. 


INTRODUCTION 


The Appalachian region of Eastern Ken- 
tucky was settled between 1800 and 1830 and 
remained virtually isolated for the next cen- 
tury (1, 2). During the 1950s, there was massive 
emigration of Appalachians to other regions 
(3). The forces of isolation and migration 
change populations and may cause them to 
become differentiated from other populations. 
Also, these forces may alter the genetic equi- 
librium within the population (4, 5). 

Blood groups such as ABO, Rh, and others 
have been used in studying human popula- 
tions. Blood type information is routinely ob- 
tained and recorded for patients receiving pri- 
mary health care. The qualitative inheritance 
patterns of blood groups permit phenotypic 
distributions to be determined and allow gene 
frequencies to be estimated. 

In the present investigation, blood group data 
were used to characterize the human popu- 
lation in the Appalachian region of Eastern 
Kentucky. The objective was to determine 
whether there is any statistical evidence of 
differentiation of the Eastern Kentucky popu- 
lation from the greater Kentucky and the 
general United States populations or of dis- 


equilibrium within the Eastern Kentucky pop- 
ulation for ABO and Rh blood groups in the 
population. 


METHODS 


In 1989, ABO and Bh blood group data were 
obtained from patient records at primary health 
care centers located in the Appalachian region 
of Eastern Kentucky. The 3 locations (Leslie, 
Letcher, and Perry counties) were considered 
as replications. The blood group data were 
taken from current files; however, there was 
no stratification of the data by age or any char- 
acteristic other than sex of the patient. Concern 
for confidentiality of patients’ medical records 
resulted in restriction of data collection to 
blood-type and sex of patient. Data were ob- 
tained on 872, 865, and 861 individuals at lo- 
cations 1, 2, and 3, respectively. The resulting 
data were arranged in frequency distributions 
by A, B, O, and AB types and by Rh positive 
and Rh negative groups. Chi-square tests were 
used to compare the results from the 3 locations 
and to compare the combined results with those 
reported for other Kentucky and United States 
populations. 
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TaBLe 1. Observed frequencies of ABO blood group of individuals at three locations in Eastern Kentucky. 
Blood group 
\ B ) AB 

Location Sex No. % No % No. % No. % Totals 
1 F 320 43.8 54 7.4 332 45.4 25 3.4 731 
M 71 50.4 1] 7.8 57 40.4 2 1.4 141 
Totals 391 44.8 65 7.4 389 44.6 27 3.1 872 
2 F 246 45.1 42 diate 243 44.6 14 2.6 545 
M 133 41.6 30 9.4 147 45.9 10 3.1 320 
Totals 379 43.8 72. 8.3 390 45.1 24 2.8 865 
3 F 280 49.0 3] 8.9 231 40.4 10 1.8 572 
M 116 40.1 26 9.0 137 47.4 10 3.5 289 
Totals 396 46.0 77 8.9 368 42.7 20 2.3 861 
Totals F 846 45.8 147 8.0 806 43.6 49 2.6 1,848 
Totals M 320 42.7 67 8.9 341 45.5 22 2.9 750 
Totals 1,166 44.9 214 8.2 1,147 44.2 ip 2.7 2,598 


The ABO system is controlled by 3 alleles 
(A, B, O) and produces 4 distinguishable phe- 
notypes (A, B, O, AB). While A and B are 
codominant to one another, both are com- 
pletely dominant over O. Since type O is ho- 
mozygous recessive (OO), it is possible, through 
application of the Hardy-Weinberg principle 
and its assumptions, to estimate all gene and 
genotypic frequencies. Using the combined 
data from the 3 locations, gene and genotypic 
frequencies were estimated. Chi-square was 
used to compare the expected and observed 
frequencies of ABO blood types. 


RESULTS 
ABO Group 


The observed frequencies of individuals 
having the different ABO blood types are pre- 
sented in Table 1. The results are based upon 
872, 865, and 861 individuals for locations 1, 
2, and 3, respectively. The 2,598 individuals 
included 1,848 females and 750 males. 

Within each location the distributions of 
ABO types in females and males were com- 
pared using chi-square as a test of indepen- 
dence (8). The blood type distributions were 
independent of sex in all locations. When the 
blood type frequencies for individual locations 
were combined, the resulting distributions for 
females and males did not differ significantly. 
The reported frequencies of A, B, O, and AB 
types in other populations have been similar 
between the two sexes (9). 


Comparisons of the frequencies of ABO types 
in the 3 locations resulted in no significant dif- 
ferences. Thus, the locations appeared to meet 
the requirements (5) for valid replications of 
the population relationships for the ABO group. 
Location results were combined for subsequent 
analyses. 

The combined blood type percentages were 
A (44.9), B (8.2), O (44.2), and AB (2.7). The 
Central Kentucky Blood Center (CKBC) serves 
most of Central and Eastern Kentucky with 
Donor Centers in Fayette, Pulaski, and Floyd 
counties. Between June and October 1990, 
CKBC processed 19,333 donor units of blood, 
resulting in ABO percentages of A (39.5), B 
(9.5), O (47.4), and AB (3.6). (Personal corre- 
spondence with Catherine Wells, Chief Op- 
erating Officer, CKBC.) Comparison of our 
distribution with the CKBC distribution re- 
sulted in highly significant chi-square. The dif- 
ferences were largely due to the frequencies 
of type A (44.9 vs. 39.5) and type O (44.2 vs. 
47.4). American Red Cross statistics indicate 
average percentages of A (38.8), B (11.1), O 
(46.1), and AB (3.9) for the general United 
States population (10). Application of these 
percentages to the Eastern Kentucky data re- 
sulted in distributions which differed signifi- 
cantly. The 2 distributions differ generally; 
however, the most striking departure was the 
greater frequency of type A in the present 
study. Bodmer and Cavalli-Sforza (4) present- 
ed a distribution of ABO types for the Cau- 
casian population as follows: A (45%), B (13%), 
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TABLE 2. 


Rh positive 
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Observed frequencies of Rh positive and negative individuals at three locations in Eastern Kentucky. 


Rh negative 


Location Sex No. 
1 F 571 
M 109 
Totals 680 
2 F 466 
M 265 
Totals 731 
3 F 450 
M 237 
Totals 687 
Totals F 1,487 
Totals M 611 


No. g Totals 
78.1 160 21.9 731 
77.3 82 22.7 141 
78.0 192 22.0 872 
85.5 79 14.5 545 
82.8 55 17.2 320 
84.5 134 15.5 865 
78.7 122 21.3 572 
82.0 52 18.0 289 
79.8 174 20.2 861 
80.5 361 19.5 1,848 
81.5 139 18.5 750 


O (36%), and AB (6%). Application of these 
percentages to our data resulted in distribu- 
tions which were significantly different. The 2 
distributions were similar for type A but dif- 
fered for the other types. In 1946, Gates (6) 
summarized results of ABO blood group stud- 
ies from many countries. The Eastern Ken- 
tucky results differ significantly from the re- 
sults of all but 4 of the 66 studies. Our results 
are similar to those for 3 England populations 
(11, 12, 13) and a New York Caucasian pop- 
ulation (14). 


Rh Group 


The observed frequencies of Rh positive and 
negative individuals are given in Table 2. Rh 
types were reported by sex of patient within 
each location. When compared statistically, the 
distributions of Rh positive and Rh negative 
for females and males did not differ signifi- 
cantly within any location or when combined 
over locations. Other investigators (4, 6) have 
confirmed the independence of Rh blood type 
and sex. 

The percentages of Rh positive individuals 
were 78.0, 84.5, and 79.8 for locations 1, 2, 
and 3, respectively. The proportions of Rh pos- 
itive in locations 1 and 3 did not differ signif- 
icantly; however, both differed from that of 
location 2. Since the 3 locations differed sig- 
nificantly they were not all combined in the 
resulting statistical analyses. 

The CKBC data for central and eastern Ken- 
tucky resulted in 81.1 per cent Rh positive and 
18.9 per cent Rh negative individuals. This 
distribution was similar to that for location 3 


and intermediate to those for locations 1 and 
2. The Bh factor distribution has been reported 
to be approximately 85 per cent positive and 
15 per cent negative in American caucasians 
(4, 6). The American Red Cross (10) data in- 
dicated 83.4 per cent positive and 16.6 per cent 
negative for the general United States popu- 
lation. When these reported percentages were 
applied to our data, the resulting distributions 
were significantly different for locations 1 and 
3, but not different for location 2. 

Distributions for locations 1 and 3 did not 
differ significantly and, consequently, were 
combined. The resulting distribution (78.9 per 
cent positive 21.1 per cent negative) reflected 
a lower percentage of Rh positive individuals 
and differed significantly from the distribu- 
tions for the larger Kentucky region (CKBC) 
and from the general population. 


Population Equilibrium 


Through application of the Hardy-Wein- 
berg principle, the frequencies of genes (al- 
leles) and phenotypes were estimated for the 
ABO group. Estimated frequencies of A, B, 
and O genes were 0.276, 0.056, and 0.664, 
respectively. When the estimated gene fre- 
quencies were used to calculate expected fre- 
quencies of the ABO types, the expected and 
observed frequencies were in close agreement 
(Table 3) and did not differ significantly. Thus, 
the Eastern Kentucky population appears to 
be at Hardy-Weinberg equilibrium for the 
ABO blood group. 

The Hardy-Weinberg principle was applied 
to the CKBC data and to selected studies as 
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TaBLe 3. Observed and expected frequencies of ABO blood group in the combined samples of individuals from three 


locations in Eastern Kentucky 


Blood Types 
A B oO AB Totals 

Genotypes AA, AO BB, BO OO AB 
Frequencies* p + 2pr q + 2qr r 2pq (p-Fxq: Fx) 
Observed 

No 1,166 214 1,147 71 2,598 

% 44.9 8.2 44.2 2.7 100.0 
Expected 

No 1,164 205 (1,147) 82 2,598 
Chi-square 0.003 0.395 (0) 1.476 1.87 (P = 0.41) 


* Allelic frequencies: A = p, B= q, O=1 


reported by Gates (6). The results indicated 
that the population represented by CKBC data 
and some, but not all, of the populations rep- 
resented by Gates’ studies were at equilibrium. 


DISCUSSION 


From a speculative point of view, the Ap- 
palachian human population could have been 
influenced measurably by any of the forces 
which alter the genetic constitution of popu- 
lations. Since relatively few individuals settled 
the region, chance or genetic drift (founder's 
effect) could have resulted in an ancestral group 
which possessed less than a fully representative 
sample of genetic variability. The long period 
of relative isolation from external populations 
could have resulted in assortive matings (in- 
breeding) producing greater homozygosity. 
The more recent migration of individuals and 
families could have changed the population’s 
composition. 

Through study of simply inherited traits, 
populations can be characterized for gene and 
genotypic frequencies, compared with other 
populations, and tested for internal equilibri- 
um. The results apply to the traits studied only 
and not to the other characteristics or to the 
population generally. 

In the present study, ABO and Rh blood 
group data were used to characterize the Ap- 
palachian population of eastern Kentucky. 
Frequencies of ABO types at all locations and 
Rh types at 2 of the 3 locations indicated that 
the population was different from a larger 
Kentucky population and from the general 
population for these traits. However, the pop- 
ulation was at Hardy-Weinberg equilibrium, 


demonstrating that the A, B, O, and AB blood 
types occurred as expected based upon the es- 
timated frequencies of the A, B, and O genes. 
The extensive compilation of blood-group data 
by Gates (6) and others (15) shows that popu- 
lation differences are common, probably re- 
flecting the effects of population progenitors 
and of subsequent migration. 

Assortive mating, as might have occurred 
especially during the period of isolation, would 
have upset the Hardy-Weinberg equilibrium 
by increasing the percentage of homozygous 
individuals and decreasing the percentage of 
heterozygous individuals. In the ABO group, 
the O type would occur more frequently and 
the AB type would occur less frequently than 
expected. Both changes would upset the equi- 
librium. Since the population tested was at 
equilibrium, there was no evidence of assortive 
mating expressed in the blood group data. 

Emigration of individuals from an area 
would not likely alter gene frequencies unless 
entire families or ethnic groups were the em- 
igrants. Appalachian emigrants have consisted 
of partial families and individuals from many 
families. Also, many of those immigrating into 
the area were former residents and their de- 
scendants. Thus, the overall impact of migra- 
tion has not measurably affected the ABO blood 
group equilibrium. 

Based upon the limited information of the 
present study, the differences between the Ap- 
palachian and other populations for ABO blood 
groups and the Rh factor likely trace back to 
the population founders. There is a slight in- 
dication that the area’s ABO composition is 
more like that of England than that of other 


ABO anp RH BLoop Groups IN KENtucKY—Hurt, Cook, and Gray 


populations. Since the area is not characterized 
by large, distinct ethnic groups, random mar- 
riage patterns with regards to ABO types have 
maintained the population equilibrium. 

The experimental data were replicated by 
location where patients sought primary health 
care rather than by location of origin. Also, 
there was no stratification of the data by age 
of patient. Focusing on the community of or- 
igin and age of individuals would result in 
more specific assessment of geographical and 
generational effects on genetic constitution of 
the population. 
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Status of Rhinocyllus conicus (Coleoptera: Curculionidae): 


A Biological Control Agent of Carduus nutans (Compositae) 
Established in Kentucky 
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J. D. GREEN,” AND B. C. Pass! 


ABSTRACT 


Rhinocyllus conicus Froelich, the larvae which destroy seeds developing within the flower heads of nodding 
thistle (Carduus nutans L.), was introduced into Kentucky at 2 locations in 1974 as a biocontrol agent. This 
insect was recovered in 13 central and 4 southern Kentucky counties during surveys in 1988-1990. Adults 
were collected and released on thistle stands in other areas to extend the distribution of the weevil in areas 


infested with the weed 


INTRODUCTION 


Carduus nutans L., known as nodding or 
musk thistle, was accidentally introduced into 
the United States from Europe in the early 
1900s (1). Subsequently, it has spread over much 
of North America and has become a significant 
problem weed, especially in pastures, noncrop 
land and along rights-of-way. In pastures, this 
spiny plant competes with desirable forages 
and discourages cattle from grazing in or near 
infested areas (2). This plant has been identi- 
fied as one of the 10 most troublesome weeds 
in Kentucky (3). Nodding thistle may be con- 
trolled with herbicides and an integrated ap- 
proach utilizing cultural, chemical, and me- 
chanical practices (4). Infestations often occur 
in rough terrain where neither chemical treat- 
ment nor mowing are feasible. The use of bi- 
ological control agents provides a promising 
means of managing this noxious weed. 

Larvae of the curculionid Rhinocyllus coni- 
cus Froelich develop within the seed head of 
musk and plumeless thistle and reduce the 
number of viable seeds produced by infested 
plants (5). This insect is one of the species that 
attack thistles in Europe and was introduced 
into the United States as a biological control 
agent. Successful establishment of the weevil 
has been reported in Virginia (6), Missouri (7), 
Montana (8), and southern California (9) to 
augment other weed control practices. Adults 
of this weevil were released at single sites in 


' Department of Entomology, ? Department of Agron- 
omy, University of Kentucky, Lexington, Kentucky 40546- 
0091. 


Fayette and Warren counties in Kentucky in 
1974. Documentation of specific sites and 
numbers of insects involved in the releases are 
not available and no studies on the establish- 
ment and spread of this insect have been con- 
ducted. In June 1988, a landowner in eastern 
Fayette County submitted samples of Carduus 
nutans seed heads that were being damaged 
by an insect, which was subsequently identi- 
fied as Rhinocyllus conicus. This paper reports 
the results of a survey to determine the distri- 
bution of this beetle in Kentucky. 


MATERIALS AND METHODS 


Surveys for the presence of R. conicus were 
conducted during late May and early June 
1988-1990 by examining thistle flowers along 
roadside rights-of-way and pastures in central 
and southern Kentucky. At that time, adults 
were feeding on thistle stems and leaves, and 
females were ovipositing on the bracts of flow- 
er heads. The weevils can be found easily by 
examining flower heads. The location (road 
and mile marker) of each site where adults 
were found was recorded. Stops were made at 
approximately 8 km intervals along a route 
until examination of at least 20 plants at 2 
consecutive thistle stands failed to yield the 
insects. At this point, another route was se- 
lected. Sites at which weevils were found were 
mapped and subsequent trips were planned to 
further define the distribution of the insect. 


RESULTS AND DISCUSSION 


The known distribution of Rhinocyllus coni- 
cus is shown in Figure 1. Surveys in 1988 were 
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® Adult Rhinocyllus conicus recovered 


x Adult Rhingcyllus conicus released 


Greatest abundance of Carduus nutans 


Fic. 1. 
1988-1990. 


limited to the southeastern portion of Fayette 
County where infested flower heads were dis- 
covered. The initial detection of the insect of 
1988 was late in its activity period. Adults 
emerging from flower heads aestivate and are 
not active until oviposition the following spring 
(10). The cessation of adult activity coupled 
with the onset of extensive mowing of pastures 
and rights-of-way greatly reduced the effi- 
ciency of survey activity. During June 1989 
and 1990, the survey was expanded in the cen- 
tral Kentucky area. Adults were found in 12 
counties, indicating establishment and dis- 
persal of the insect over about a 4,700 km? 
area. Adults were found in June 1990 in south- 
eastern Warren, northern Simpson, northeast- 
ern Logan, and southern Butler counties, an 
area of about 570 km*. 

Neither weevils nor characteristic oviposi- 
tion scars on flower heads were found during 
examination of thistles along the rights-of-way 
of Interstate 64 between Lexington and Lou- 
isville, on the Blue Grass Parkway between 
Lexington and Elizabethtown, nor along In- 
terstate 65 between Elizabethtown and Bowl- 
ing Green during June 1989 and 1990. While 
these results do not preclude the presence of 
the weevil in these areas, thistles were abun- 
dant in pastures and along rights-of-way and 


Recovery and release sites of Rhinocyllus conicus and general distribution of Carduus nutans in Kentucky, 


weevils, if present in moderate numbers, should 
have been detected. 

Information on the distribution of the weevil 
has resulted in identification of collection sites 
as well as release sites, where weevils were not 
found, to aid in a more even distribution of 
this insect. Groups of ca. 100 weevils were 
released on thistle infestations during June 1990 
(Fig. 1). Spring releases of non-diapausing 
weevils have resulted in better colonization than 
were obtained from late summer introductions 
(11). These locations will be monitored to de- 
termine whether or not successful colonization 
occurs. Additional studies are needed to de- 
termine the impact of the weevil in terms of 
seed destruction in infested heads. 
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ABSTRACT 


Skull and body measurements and body and selected organ masses were recorded for 190 eastern cottontail 
rabbits (Sylvilagus floridanus) collected from 5 Kentucky Department of Fish and Wildlife Resources’ 
Wildlife Management Areas between | June 1988 and 31 May 1989. No intersexual differences in mean 
total, tail, right hindfoot, and right ear lengths, zygomatic width, or occipitonasal length were observed in 
Kentucky cottontails. However, age and month differences occurred for all variables, and seasonal differences 
occurred for mean total, tail, right hindfoot, and occipitonasal length as well as zygomatic width. Adult 
rabbits were found to be heavier than juveniles, and females were found to be heavier than males. Body 


mass of adult cottontails did not differ among months or seasons. The mass of selected organs varied by sex, 


age, month, and season. 


INTRODUCTION 


The eastern cottontail (Sylvilagus florida- 
nus) is the most widely distributed in the ge- 
nus, inhabiting a variety of habitats from 
southern Canada south through the eastern 
three-quarters of the United States and Central 
America (1). The body measurements of mem- 
bers of this genus vary widely and may be used 
to distinguish the different species (1). The pur- 
pose of this paper is to present morphological 
characteristics and seasonal changes in organ 
mass of eastern cottontails in Kentucky. 


METHODS 


Data were obtained from 190 (91 males; 92 
females; 7 unknown sex) eastern cottontails 
collected between 1 June 1988 and 31 May 
1989. Monthly collecting of 1 to 5 rabbits per 
site was conducted on the Kentucky Depart- 
ment of Fish and Wildlife Resources’ Central 
Kentucky, Clay, Yellowbanks, Taylorsville 
Lake, and Lloyd Wildlife Management Areas 
[WMA’s; see Giuliano (2) for the description 
of each WMA\]. Rabbits were obtained using 
livetraps or by shooting. Each animal was sexed 
and weighed to the nearest gram. Lengths of 


total body, tail, right hindfoot, and right ear 
were recorded to the nearest 0.5 mm, and zy- 
gomatic width and occipitonasal length to the 
nearest 0.01 mm. The heart, liver, spleen, left 
kidney, and right kidney were removed from 
each carcass, trimmed of fat, dried at 95°C for 
48 hours, and weighed to the nearest 0.1 mg. 

Rabbits were grouped into sex, age, month, 
and season classes. Animals weighing more than 
0.84 kg were estimated to be greater than 4 
months of age and were considered sexually 
mature adults (3, 4). February—October and 
November-January were considered the 
breeding and nonbreeding seasons, respective- 
ly, of Kentucky cottontails (1, 3, 5). 

Individual one-way analyses of variance (6) 
were employed, at a significance level of 0.05, 
to determine differences in body measure- 
ments and organ masses between sex, age, 
month, and season classes. In addition, a 3-way 
analysis of variance was performed (P = 0.05) 
to examine the effect of interactions between 
sex, age, and season on body measurements 
and organ masses. This was followed by Tu- 
key’s multiple comparisons at an experiment- 
wise error rate of 0.05. 
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TABLE | 
1 June 1988 and 31 May 1989 
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Mean body measurements and masses of selected organs of eastern cottontails collected in Kentucky between 


Measurement Mean SD Range N 
Total length (mm) 413.8 64.8 201-528 159 
Tail length (mm) 54.0 10.3 21-75 166 
Right hindfoot (mm) 90.6 12.9 53-140 167 
Right ear (mm) 63.6 7.6 38-78 156 
Zygomatic width (mm) 36.8 3.7 23-46 118 
Occipitonasal length (mm) 75.3 8.6 47-96 120 
Body mass (g) 1,035.8 390.4 150-1,950 190 
Heart mass (g) 1.180 0.499 0.210-2.333 101 
Liver mass (g) 5.200 2.323 1.178-11.473 103 
Spleen mass (g) 0.330 0.182 0.057-0.968 46 
Left kidney mass (g) 0.618 0.214 0.204-1.067 119 
Right kidney mass (g) 0.650 0.211 0.187-1.106 119 


* SD = standard deviation 


RESULTS 


There were no intersexual differences (P > 
0.05) in mean total, tail, right hindfoot, and 
right ear lengths, zygomatic width, or occipi- 
tonasal length (Table 1). There were significant 
differences in the mean total, tail, right hind- 
foot, right ear, and occipitonasal lengths be- 
tween ages, seasons, and months (P < 0.05) as 
well as significant differences in zygomatic 
width between ages and months (P =< 0.05). 
Total, tail, right hindfoot, right ear, occipitona- 
sal lengths and zygomatic widths were greater 
for adults (¥ = 441.1 + 39.9, 57.0 + 8.6, 96.3 
+ 7.8, 66.6 + 4.9, 79.0 + 4.7, and 38.3 + 2.3 
mm, respectively) than for juveniles (¥ = 329.6 
+ 53.4, 45.3 + 9.8, 74.0 + 10.38, 54.6 + 7.2, 
63.6 + 7.3, and 32.1 + 3.2 mm, respectively). 
Total, tail, right hindfoot, right ear, and occipi- 
tonasal lengths were longer in the nonbreeding 
season (¥ = 446.3 + 30.2, 59.5 + 9.8, 96.8 + 
8.5, 65.9 + 4.9, and 78.5 + 4.2 mm, respec- 
tively) than during the breeding season (¥ = 
404.6 + 69.0, 52.4 + 9.9, 88.8 + 13.5, 63.0 
+ 8.1, and 74.5 + 9.2 mm, respectively). 

When 3-way analysis of variance was per- 
formed with all possible interactions, right 
hindfoot length contained a significant sex by 
age by season interaction (P < 0.01). The use 
of Tukey’s multiple comparisons revealed that 
the average right hindfoot lengths of juvenile 
males and females during the breeding season 
as well as juvenile males during the nonbreed- 
ing season were significantly less than that of 
all adults (including all males and females dur- 


ing both the breeding and nonbreeding sea- 
sons). For total, tail, and occipitonasal lengths 
and zygomatic width, the only significant in- 
teraction was between age and season (P < 
0.02 for all variables). In each case, Tukey’s 
multiple comparisons revealed that the only 
significant differences were the corresponding 
mean lengths (or width) of juveniles during 
the breeding season were less than those of 
adults during the breeding and nonbreeding 
seasons as well as juveniles during the non- 
breeding season. There were no significant in- 
teractions for right ear length. 

There were significant differences in body 
mass between age (P = 0.000) and sex classes 
(P < 0.001) but not between seasons or months. 
Adults were heavier (¥ = 1232.7 + 2245 g) 
than juveniles (¥ = 499.2 + 188.4 g), which is 
to be expected since body mass was used to 
define age classes. Body mass was greater for 
females (¥ = 1160.3 + 404.8 g) than males (¥ 
= 949.0 + 821.9 g). 

When 3-way analysis of variance was per- 
formed, significant season by age and sex by 
age interactions were found (P < 0.01). Tu- 
key’s multiple comparisons revealed that the 
mean body mass of adult females during the 
breeding season was significantly greater than 
that of all other rabbits. In addition, male and 
female adults during the breeding and non- 
breeding seasons had heavier mean body mass- 
es than juvenile males and females during the 
breeding season; and adult females had heavier 
mean body masses than juvenile females dur- 
ing the nonbreeding season. 


SEASONAL CHANGES IN KENTUCKY CoTToNnTaAILs—Giuliano et al. 
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There were significant differences between 
the breeding and nonbreeding seasons in the 
mean liver mass (P < 0.02) and right kidney 
masses (P < 0.05). There were significant dif- 
ferences (P < 0.05) between juveniles and 
adults, as well as between the months, in the 
mean heart, liver, left kidney, and right kidney 
masses. In addition, there were significant dif- 
ferences in mean spleen mass between ages. 
Heart, liver, spleen, left kidney, and right kid- 
ney masses were greater for adults (¥ = 1.413 
+ 0.348, 6.173 + 1.944, 0.356 + 0.175, 0.705 


Monthly changes in mean heart mass of eastern cottontail rabbits collected in Kentucky between 1 June 1988 


+ 0.167, and 0.737 + 0.161 g, respectively) 
than for juveniles (¥ = 0.541 + 0.224, 2.831 
+ 1,187, 0.208 + 0.175, 0.362 + 0.090, and 
0.401 + 0.116 g, respectively). Mean monthly 
changes in heart, liver, left kidney, and right 
kidney mass are illustrated in Figures 1, 2, and 
3. There were significant intersexual differ- 
ences (P < 0.05) in the average liver, left kid- 
ney, and right kidney masses, with females 
having heavier organs in each case (¥ = 5.731 
+ 2.314, 0.681 + 0.215, and 0.701 + 0.213 g, 
respectively, for females and x = 4.804 + 2.270, 
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Monthly changes in mean liver mass of eastern cottontail rabbits collected in Kentucky between | June 1988 
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0.565 + 0.201, and 0.608 + 0.201 g, respec- 
tively, for males). 

When 3-way analysis of variance was per- 
formed, the only significant interactions (P < 
0.05) were between season and age for heart 
and right kidney masses. Tukey’s multiple 
comparisons revealed that the only significant 
differences were that the mean heart and right 
kidney masses of juveniles during the breeding 
season were less than those of adults during 
both the breeding and nonbreeding seasons. In 
addition, the average right kidney weight of 
juveniles during the breeding season was less 
than that of juveniles during the nonbreeding 
season. There were no significant interactions 
for liver, spleen, and left kidney masses. 


DISCUSSION 


Average total, tail, right hindfoot, and right 
ear lengths, zygomatic width, and occipitona- 
sal length of Kentucky cottontails were not 
significantly different (P > 0.05) than the same 
measurements for S. floridanus from Georgia 
(7), Maryland, and West Virginia (8). 

The eastern cottontail is considered a large 
Sylvilagus species (1), generally exhibiting 
greater mean body measurements than other 
cottontails. Body measurements of other mem- 
bers of this genus include: Audubon’s cottontail 
(S. audubonii): total length 370-400 mm, ear 
length 55-67 mm; brush rabbit (S. bachmani): 
total length 303-369, hindfoot length 71-86, 
ear length 45-63, tail 10-30; Nuttall’s cotton- 
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Monthly changes in mean left and right kidney mass of eastern cottontail rabbits collected in Kentucky between 


tail (S. nuttallii): total length 338-390, tail 
length 30-54; swamp rabbit (S. aquaticus): to- 
tal length 452-522; marsh rabbit (S. palustris): 
total length 425-440; New England cottontail 
(S. transitionalis): total length 386-430; and 
pygmy rabbit (S. idahoensis): total length 250- 
290 (1). 

Adults were heavier than juveniles and fe- 
males were heavier than males (P < 0.01). 
Similar relationships were also noted by Pelton 
and Jenkins (7) for eastern cottontails collected 
in Georgia, and by Chapman and Morgan (8) 
for eastern cottontails collected in Maryland 
and West Virginia. 

Contrary to the findings of Chapman (12) 
for Sylvilagus spp., this study found significant 
intersexual differences in liver, left kidney, and 
right kidney masses, with females having 
heavier organs in each case. These results are 
also in contrast to what has been reported for 
other mammals (9, 10, 11). Contrary to what 
has been reported for S. bachmani (12), the 
mass of the left and right kidneys of S. florida- 
nus examined in this study did not differ sig- 
nificantly (P > 0.05). 
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ABSTRACT 


Ontogenetic development of spotted gar, Lepisosteus oculatus Winchell, was examined utilizing mor- 


phometric, meristic, and pigment characteristics. Wild spawned eggs were collected from Hatchet Creek, 
in Coosa County, Alabama. Eggs were pigmented with melanophores, spherical, and averaged 4.8 mm in 


diameter. Recently hatched larva were typical of other species of Lepisosteus, possessing an adhesive organ 
on the snout, a large, ovoid yolk sac, and a weakly developed stomodeum. Larvae had an average of 45.8 


preanal and 14.7 postanal myomeres. Spotted gar larvae are darkly pigmented subdermally on the dorsum 


and lack external melanophores subcutaneously. Larvae grew at an increasing rate over the first 30 days of 
life. A linear regression line of Y = 9.476927 + 0.03446913 X, and a correlation coefficient of 0.965 
corresponded with the dependent variable, TL in mm, and the independent variable, time in hours. 


INTRODUCTION 


Spotted gar occur throughout the Great 
Lakes, including Lakes Erie, St. Clair, and trib- 
utaries of Lake Michigan, extending south 
through the Mississippi River drainage, in- 
cluding the Illinois and Wabash Rivers, to the 
Gulf coast. The spotted gar occurs from east- 
central Texas east to western Florida where 
the species is sympatric with the Florida gar, 
L. platyrhincus, its sister species (1). Spotted 
gar occur throughout the lower reaches of the 
Ohio River basin, occasionally being collected 
in the lower Ohio, lower Cumberland, Trade- 
water, and Green rivers of Kentucky (2). In 
Alabama, the species occurs in the lower arm 
of the Tennessee River and is widespread in 
the Tombigbee, Black Warrior, and Alabama 
rivers (3, 4); it is frequently encountered in the 
lower Tallapoosa and Coosa River systems (M. 
Pierson, pers. comm.); and various smaller sys- 
tems along the coastal plain. 

Simon and Wallus (5) summarized and pro- 
vided original larval descriptions of 4 North 
American gar species occurring in the Ohio 
and Tennessee River basins. Information pro- 
vided by them included spotted gar descrip- 
tions of specimens as small as 16.4 mm TL. 
Heutelder (6) provided additional descriptive 


information for spotted gar greater than 35 
mm TL and illustrated a 17.5 mm specimen. 
Echelle and Riggs (7) alluded to differences 
between gar larvae but could not distinguish 
between shortnose and spotted gar less than 
125.0 mm TL. 

The current study includes meristics and 
morphometrics of all early life history stages 
of L. oculatus from newly hatched to juvenile 
stages of development. 


MATERIALS AND METHODS 


Laboratory cultured and wild collected mu- 
seum specimens were studied for differences 
in morphology, meristics, pigmentation, and 
sequential development relative to size. Meris- 
tics and morphometrics of L. oculatus were 
determined for 43 eggs and 31 larvae and early 
juveniles. 

A total of 21 morphometric and 9 meristic 
characters was measured for each specimen 
following the format provided in Simon and 
Wallus (4). Eggs were preserved in a chilled 
borax and sucrose formalin solution to keep 
egg chorions clear. All measurements were 
made to the nearest 0.1 mm using a dissecting 
microscope with an ocular micrometer. Mea- 
surements in the text are total length (TL) un- 
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less otherwise noted. Illustrations were delin- 
eated following Sumida et al. (8). 


Specimens Examined 


Lepisosteus oculatus.—Alabama: Coosa Co., 
Hatchet Creek, T 23N R 19E S 11, 10 speci- 
mens uncatalogued Alabama Power Company 
(APC) cultured reference material. Alabama: 
Limestone Co., Tennessee River, Wheeler Res- 
ervoir, TV 1718 (1); Jackson Co., Tennessee 
River, Guntersville Reservoir, TV 222 (10). 
Tennessee: Marion Co., Tennessee River, Nick- 
ajack Reservoir, TV 859 (1); Stewart Co., Cum- 
berland River, Cumberland Steam Plant (RM 
103), TV 972 (8). Oklahoma: Marshall Co., 
UOMZ 36908 (1). Specimens examined are 
maintained by Tennessee Valley Authority's 
Larval Fish Identification and Information 
Center, Norris, TN (TV); Stovall Museum of 
the University of Oklahoma (UOMZ); and Al- 
abama Power Company (APC), Birmingham, 
AL. 


RESULTS 


Spawning.—Adults were observed in a 
spawning aggregation on 18 May 1989 in 
Hatchet Creek, a tributary of the Coosa River. 
The site was adjacent to the head of a riffle 
with current ranging from slight to moderate. 
Eggs were extremely adhesive and easily ob- 
served scattered over a bedrock substrate in 
water ranging in depth from 0.4 to 0.8 m. 

Eggs.—Eggs of cultured spotted gar from 
Hatchet Creek, Alabama brood stock were 
spherical, demersal, extremely adhesive, and 
averaged 4.8 mm in diameter (N = 43, range 
= 4.08 to 5.40 mm). Egg chorions were sculp- 
tured and pigmented with scattered melano- 
phores. Eggs possessed a large perivitelline 
space and pale yellow yolks. Eggs incubated 
at 22.2°C hatched after 144 hr. 

Larvae—Morphology.—Selected morpho- 
metrics are presented in Table 1. Newly 
hatched larvae (9.8 mm) have a stomodeum, 
and an unpigmented spherical optic cup. Lar- 
vae are without the elongated snout extension 
characteristic of adult gar, but instead pos- 
sess an adhesive, papillose suctorial disc. The 
head is deflected over the yolk sac. Yolk sacs 
are large, ovoid, often with a pointed tip pos- 
teriad. Yolk coloration is pale yellow in pre- 
served specimens, with a distinct vitelline vein 
plexus. 
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Eyes are pigmented by 10.9 mm and be- 
come spherical by 11.2 mm. Pectoral buds were 
present at hatching, and the pectoral fin was 
formed by 11.2 mm. Suctorial disc slightly 
compressed, wider than high, mostly absorbed 
by 13.6 mm, present as a rudimentary disc at 
tip of extended snout until 17.6 mm. Finfolds 
present and without anlage of fin rays until 
16.4 mm. Prior to pelvic bud formation (at 
16.4 mm), a pore was present in pelvic region 
just anterior to finfold region. Yolk was com- 
pletely absorbed by 23.9 mm. Flexion occurs 
after first caudal fin ray formation at 21.9 mm. 

At 16.1 to 16.4 mm, fin rays forming in 
caudal finfold. By 21.9 mm, fin rays are formed 
in pectoral fins and anal fin, simultaneously. 
Pelvic fin buds present by 21.9 mm, and first 
pelvic fin rays formed by 33.5 mm. Incipient 
dorsal and anal fin margins partially differ- 
entiated by 21.9 mm, most differentiated by 
23.9 mm. Dorsal finfold originates between 
preanal myomeres 17 to 36 for 9.8 to 13.5 mm 
specimens, and between myomeres 42 to 47 
for 16.1 to 51.9 mm specimens. Dorsal fin is 
completely differentiated at lengths greater 
than 23.9 mm. The upper jaw overhangs the 
lower jaw at all lengths, and teeth are present 
at 33.5 mm. 

Meristics. Frequency distribution for pre- 
anal and postanal myomeres: preanal 43 (3), 
44 (5), 45 (3), 46 (13), 48 (6), 49 (1) (N = 31, 
¥ = 45.8); postanal 12 (2), 14 (15), 15 (5), 16 
(7), 17 (2) (N = 31, ¥ = 14.7). Total myomeres 
ranged from 56 to 63. Lengths at first appear- 
ance of fin rays and total adult complements 
are presented in Table 2. 

Pigmentation.—Newly hatched larvae (9.8 
mm) were much more darkly pigmented than 
specimens of L. osseus. Subdermal pigment 
was present over the cranium extending onto 
the future operculum and posterior optic cup; 
extremely dense pigmentation occurred over 
the dorsum of the yolk sac and mid-ventrally 
along the gut. Mid-lateral accumulations of 
melanophores outlined the anterior apex of 
each myomere to the tip of the notochord. 
Finfolds had the characteristic wedges of pig- 
ment in place of the future dorsal, anal, and 
caudal fins. Additional melanophores were 
present in the anterior and proximal portions 
of the dorsal finfold (Fig. 1). These pigmen- 
tation patterns described are characteristic for 
larvae until 13.6 mm. 
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TaBLe 1. Morphometry of Lepisosteus oculatus larvae grouped by selected intervals of total length (N = sample size). 
Characters expressed as per cent total length (TL) or head length (HL), with a single standard deviation, and range 


of values in parentheses 


9.8-11.2(N=5 13.6-17.6 (N = 4) 
Mean + SD Range Mean + SD Range 
Length, % of TL 
Snout length 4.0 + 0.2 (3.5-4.4) 6:2 + 1:7 (4.2-7.5) 
Eye diameter (a) 28.9 + 1.2 (27.1-30.3) 21.8) sell (24.7-30.8) 
Head length 184 1.0 (17.4-19.7) 20.8 + 3.4 (17.2-23.9) 
Predorsal length 40.1 + 7.5 (27.6-47.6) 55.6 + 14.4 (39.2-66.0) 
Preanal length 70.0 + 2.8 (67.3-74.4) 65.7 + 4.8 (62.6-71.3) 
Dorsal insertion 
Standard length 99.9 + 0.1 (98.8-99.9) 97 5rt iG (95.6-100) 
Yolk sac length 45.3 + 3.1 (43.9-50.8) 32.4+18 (31.1-33.7) 
Disc length 42.7 + 3.9 (36.1-46.3) 
Fin length, % of TL 
Pl 3.9 85+ 1.5 (6.7-9.5) 
P2 
Body depth, % of TL 
Head depth at eyes 14.1 + 06 (13.5-14.8) 11.4+1.4 (10.1-12.8) 
Head depth at P1 23.1 2.6 (21.5-28.1) 15.0 + 3.0 (13.1-18.5) 
Preanal depth 5.7 + 0.5 (5.3-6.4) 6.6 + 0.5 (6.2-7.2) 
Mid-postanal depth 4.2 + 0.7 (3.6-5.2) 5.2 + 0.6 (4.7-5.8) 
Caudal peduncle 2.3 + 0.4 (1.8-3.0) 41+ 0.6 (3.7-4.7) 
Yolk sac depth 22.0 + 1.6 (20.7-24.8) 18.6 + 3.2 (16.3-20.9) 
Body width, % of HL 
Snout at nares 15.3 
Mid-snout 22.9 + 4.5 (19.8-26.2) 
Snout anterior eyes 32.9 
Head width 60.9 + 6.9 (55.5-72.1) 52.5 + 12.6 (42.7-66.7) 
Dise width 28.0 + 7.8 (20.4-38.4) 
Myomere number 
Predorsal 17-36 36-47 
Preanal 43-46 43-47 
Postanal 12-16 12-17 
Total 56-62 58-62 


(a) Morphometric based on per cent head length 
(b) Yolk sac absorbed during this interval at 23.9 mm TL 


At 13.6 mm, subdermal preorbital and post- 
orbital melanophores were observed near the 
now pigmented orbit; the mandible had bands 
of melanophores anterior to the orbit; and the 
operculum had discrete lines of melanophores 
through the center and ventral margins. Yolk 
sac pigmentation expanded so that only the 
ventral portion was without subdermal pig- 
mentation. Mid-dorsally the center of the back 
is subdermally pigmented with an unpig- 
mented portion immediately below. The mid- 
lateral is subdermally pigmented in the ventral 
half of the trunk from the posterior yolk-sac 
to the notochord. From the anus to the noto- 


chord the dorsal half of the trunk is subder- 


mally pigmented and has a mid-lateral stripe 
of non-pigment. Dense cutaneous melano- 
phores occurred over the hypaxial half of the 
body from the yolk sac to the tip of the no- 
tochord. A few cutaneous melanophores oc- 
curred in the epaxial musculature posterior to 
the anus (Fig. 2). 

At 16.0 to 17.6 mm, melanophores are scat- 
tered anteriorly on the snout and dorsally over 
the orbit to the opercular margin, forming a 
stripe. An unpigmented area separates the ven- 
tral half of the mandible and lower half of the 
head. The yolk sac is covered with external 
melanophores from the head to anus but with- 
out a double mid-ventral line of pigment as in 


Lire History oF SpoTTED GaR—Simon and Tyberghein 127 
TaBLe 1. Continued. 
Total length (TL) intervals (mm) 
20,2-23,9 (N = 4) 24.0-26.9 (N = 14) 27.2-35.9 (N = 3) - 
Mean + SD Range Mean + SD Range Mean + SD Range pea 
122+ 1.8 (10.3-13.9) 11.0 + 0.6 (9.7-12.0) 143 + 3.6 (11.5-18.4) 20.5 
18.9 + 0.4 (18.4-19.3) 15:8) = 17. (14.8-17.8) 15.8: 1.7 (14.8-17.8) 11.6 
26.6 + 1.3 (25.3-28.0) 25.4 EI (23.5-26.9) D2) 3.2 (25.0-30.9) 33.3 
68.9 + 3. (66.2-73.1) 58.2 + 12.9 (44.4-89.5) 67 2377 (63.1-70.4) 71.8 
66.7 + 2.4 (63.7-71.3) 65.8 + 1.2 (63.8-66.9) 64.4 + 2.4 (61.8-66.6) 71.2 
78.6 + 5.6 (74.6-82.6) 67.3 + 8.5 (52.6-76.9) 73.38 + 4.6 (70,0-76.6) 79.0 
95:7 = 5.0 (90.0-99.5) 99.4 + 0.4 (98.7-99.9) 90:7 = 01 (99.6-99.7) 99.6 
33.7(b) 
6441.3 (4.9-7.5) 7.0 + 0.9 (5.3-8.2) 64+ 0.2 (6.3-6.6) 4.1 
Zak ae OS (2.5-2.9) 3.1 + 0.4 (2.5-3.9) 3.4 + 0.8 (2.6-4.3) 6.8 
LOZ ss. 10 (9.3-11.3) 8.9 + 0.6 (7.8-9.5) 86+ 14 (7.2-9.9) 7.8 
9.5 2.011 (9.5-9.5) 9.3 + 0.5 (8.5-10.0) 7.5 + 1.9 (5.4-8.9) 8.5 
6.4 + 0.2 (6.2-6.7) 61 = 0.6 (4.9-7.1) 5.8 + 0.8 (5.6-6.5) 6.2 
5.0 + 0.4 (4.6-5.4) 46+ 0.2 (4.3-4.9) 4.3 + 0.6 (3.7-5.0) 4] 
49+07 (4.2-5.5) 44+ 04 (3.8-4.7) 40+ 04 (3.7-4.4) 47 
10.2(b) 
14.9 2,1 (13. 7.8) 15.4 + 1.8 (12.6-17.6) 12:2 = 3.0 (10.0-14.3) 
24.8 + 4.7 (19.4-27.9) 24.0 + 43 (16.4-30.7) 17.4+ 3.8 (14.7-20.1) 
29:60 2.7 (2 32.6) 90:6: + 2:2 (27.0-88.7) 24.3 + 2.9 (22.2-26.4) 
35.8 + 2.6 (82.9-37.5) 35.4 + 2.4 (31.8-38.9) 27.6 + 6.3 (23.1-32.1) 
46-48 45-49 46-47 47 
44-47 45-49 44-46 46 
14-17 14-16 14-16 13 
60-62 60-63 60-62 59 


the shortnose gar, L. platostomus. Hypaxial 
musculature has external melanophores dis- 
tributed along the myosepta to the mid-line. 
Subdermal pigment blotches were present 
above the mid-line with few external mela- 
nophores above the lateral line. Dorsal and anal 
finfolds have wedge-shaped blotches posterior 
to the anus. Another caudal wedge is separated 
from the finfold wedge by a light area near 
the base of the caudal peduncle. The caudal 
finfold was pigmented. 

At 20.2 to 26.0 mm, the outside margin of 
the maxillary is pigmented. Laterally, dark 
subdermal dorsal blotches are separated by an 
unpigmented mid-lateral stripe. External cu- 


taneous melanophores were adjacent to a darkly 
pigmented area just ventral to the unpig- 
mented subdermal mid-lateral stripe men- 
tioned above. Few cutaneous melanophores are 
present anterior to the dorsal fin origin. Ex- 
ternal melanophores are equally distributed 
over the postanal myomeres, and a double, 
mid-ventral stripe of melanophores is present 
from the head to the anus. At 26.0 to 27.0 mm, 
scattered cutaneous melanophores are present 
on the hypaxial half of the body from the head 
to the anus, while the dorsum is unpigmented. 
By 28.0 mm, scattered subdermal dorsal pig- 
ment borders the lateral unpigmented blotch- 
es, 
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Fic. 1. 
lateral, c. ventral views. 


At 33.5 to 51.8 mm, scattered external me- 
lanophores cover the entire body except for an 
unpigmented stripe on the snout and opercu- 
lum. A few unpigmented subdermal blotches 
occur along the mid-line, and an unpigmented 
mid-ventral area is outlined by two rows of 
melanophores. Distribution of fin pigmenta- 
tion included the proximal portion of the anal 
fin rays, wedge shaped pigment present on 


Lepisosteus oculatus newly hatched larva, 9.8 mm TL, from Hatchet Creek, Coosa County, AL. a. dorsal, b. 


differentiating dorsal fin, and scattered pig- 
mentation on caudal fin rays. The pelvic and 
pectoral fins are unpigmented (Fig. 3). 


DISCUSSION 


Reproductive behavior is known for only 3 
of the 5 North American species of gar. Fish 
(13) described L. platostomus as rushing up 
streams from Lake Erie during spring and ear- 
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c. 


Fic. 2, Lepisosteus oculatus, 13.6 mm larva, Hatchet Creek, Coosa County, AL. a. dorsal, b. lateral, c. ventral views 


ly summer. Lepisosteus osseus lays eggs be- 
neath bank overhangs over gravel-rubble (14), 
on algal-covered or bare rocks along wind- 
swept shorelines and rock points (15), or in 
shallow littoral zones (7). Echelle and Riggs 
(7), reported L. oculatus spawning on dead 
vegetation and algal mats in quiet, weedy wa- 
ters. No observations have been made of re- 
productive behavior of Atractosteus spatula 
or L. platyrhincus, only speculation. Obser- 
vations made on spawning behavior (EJT, un- 
published data) suggest L. oculatus utilizes a 


variety of habitats, such as L. osseus. These 
differences may be attributable to differences 
between lentic and lotic habitats. The spawn- 
ing behavior of L. oculatus is similar to that 
of L. platostomus in lotic conditions. 

Based on egg sizes reported for L. oculatus, 
significant differences existed between as- 
sumed and actual sizes. Riggs and Moore (8), 
found shortnose gar eggs to average 2.5 mm 
in diameter. Egg sizes of shortnose gar and 
spotted gar have been reported to be similar 
(7). Eggs of spotted gar deposited over a bed- 
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TABLE 2 
and total adult complements 


Fin ray 
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Meristic characteristics of spotted gar, Lepisosteus oculatus Winchell, including lengths at first appearance 


Dorsal fin 
First ray formed 
Adult complement formed 
Adult complement 

Anal fin 
First ray formed 
Adult complement formed 
Adult complement 


Pectoral fin 


Pelvic fin 


Caudal fin 


Present study Literature 

23.9 mm 16.2-19.6 mm>® 

24.5 mm 24.1-26.9 mm® 
7-8 6-95.6.10.11 12 


20.1-23.9 mm® 
24.1-26.9 mm® 
7-956 10,11,12 


First ray formed 23.9 mm 20.1-23.9 mm? 
Adult complement formed 35.9 mm >38.0 mm?® 
Adult complement 9-13 9—135.510.12.12 
First ray formed 33.5 mm 27.1-38.0 mm? 
Adult complement formed 35.9 mm 27.1-38.0 mm® 
Adult complement 6 Beopetainis 
P 
First ray formed 16.1 mm 16.2-19.6 mm?> 
Adult complement formed 24.7 mm 27.1-38.0 mm?® 
Adult complement 12-13 12—135.6.10.11.12 
5) Simon and Wallus, (6) Heufelder, (10) Suttkus, (11) Scott and Crossman, (12) Clay 


rock substrate in Hatchet Creek were spherical 
and ranged between 4.1 and 5.4 mm. Eggs of 
longnose gar, L. osseus, were ovoid and av- 
eraged 4.2 mm by 3.0 mm (5). Eggs described 
by Riggs and Moore were probably not those 
of gar. The eggs were described as being in a 
clear gelatinous substance, thus they may have 
been amphibian eggs. 

Lengths at hatching reported for spotted gar 
were also significantly different (7). Probable 
spotted gar were thought to be 7 to 8 mm TL 
at hatching. Actual hatching lengths for spot- 
ted gar were closer to 10 mm TL. 

Echelle and Riggs (7) found spotted gar to 
grow at arate of 1.7 mm per day with a range 
between 1.3 to 2.3 mm per day. During our 
study, larvae grew at a slower rate of 0.83 mm 
per day. The growth regression line had a cor- 
relation coefficient of 0.965 with the line Y = 
9.476927 + 0.03446913 X. The regression line 
had the dependent variable length measured 
as TL (mm), and an independent variable time 
(hours). Larval spotted gar grew at an increas- 
ing rate over the first 30 days of life. 

Simon and Wallus (5) provided comparable 
characteristics for accurate taxonomic diag- 
nosis of Ohio and Tennessee River basin gar. 
Pigmentation differences reported for spotted 


gar to distinguish them from other gar were 
only provided for lengths greater than 16.4 
mm TL. Descriptions provided by Simon and 
Wallus were supported by our observations. At 
lengths below 16.4 mm, spotted gar larvae pos- 
sessed subdermal pigmentation over the dor- 
sum of the gut, and cutaneous pigment more 
densely distributed over the yolk sac mid-ven- 
trally and postanally, then in L. osseus. No 
information is available for yolk sac L. pla- 
tostomus. 

Characteristics provided by Simon and Wal- 
lus (5) held for species recognition. Recently 
hatched L. oculatus larvae were typical of oth- 
er species of Lepisosteus possessing an adhe- 
sive organ on the snout, a large, ovoid yolk sac, 
and a weakly developed stomodeum. Larvae 
had an average of 45.8 preanal and 14.7 pos- 
tanal myomeres; this differed somewhat from 
that reported by Simon and Wallus. Their ob- 
servations on 20 specimens had preanal and 
postanal averages of 46.7 and 14.2, respectively 
(5). 
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ABSTRACT 


Injections of serotonin can partially mimic the entraining effect of light on the biological clock in the 
cockroach, Leucophaea maderae. To test for a causal linkage between light and afferent input to the clock 


via serotonergic neurons, endogenous brain levels of serotonin were measured at 4 different times of day 


using high performance liquid chromatography coupled with electrochemical detection. Levels were de- 


termined at light onset, midday, light offset and midnight in roaches maintained under LD 12:12 and 25 
+ 2°C. No significant differences in brain levels of serotonin were found among these times of day. Therefore, 


it seems unlikely that serotonergic neurons play a central role in mediating the entraining effect of light on 


the biological clock 


INTRODUCTION 

The cockroach, Leucophaea maderae, offers 
an excellent model organism, analagous to the 
vertebrate system, in which to study circadian 
organization. Behavioral (e.g., locomotor ac- 
tivity), physiological (e.g., eye sensitivity to 
light) and biochemical, (e.g., cytochrome ox- 
idase activity) parameters have been observed 
to change on a circadian basis. Furthermore, 
the expression of each of these rhythms is con- 
trolled by a pair of oscillators, as demonstrated 
by an elegant series of lesion studies carried 
out in L. maderae (1). The site of the oscillators 
that neurally regulate the expression of cir- 
cadian rhythms of locomotor activity (review; 
2), eye sensitivity to length (2, 3) and cyto- 
chrome oxidase activity (4) have been localized 
to the lobula neuropil in the optic lobes of the 
cockroach brain. Despite the fact that the os- 
cillators which regulate the expression of each 
of these rhythms reside in the same brain areas, 
it remains to be demonstrated whether the same 
cells regulate each of these rhythms. This in- 
formation is imperative for understanding cir- 
cadian organization in this model organism. 
The identification of a neurotransmitter that 
affects oscillator function (i.e., input) or that is 
responsible for oscillator output is an important 
first step in identifying specific cells of the 
oscillators that regulate these biochemical, be- 
havioral and physiological rhythms. Once a 
neurotransmitter is identified, it could be ra- 
dioactively labeled and used to determine se- 


lective neuron uptake. Anatomical mapping of 
the neural pathway to or from the oscillator 
cells would then be possible. 

Serotonin was the neurotransmitter of choice 
in this study for several reasons. In L. maderae, 
the oscillators can be affected by light input 
exclusively from the compound eyes (1). A 
6-hour light pulse administered to animals 
freerunning in darkness at circadian time 13- 
15 hr resulted in a phase delay of approxi- 
mately 4.0 hr (5). Similarly, 3- or 6-hour per- 
fusions of serotonin in animals freerunning in 
darkness at circadian time 16-18 hr produced 
on average a phase delay of 4.0 hours (1). The 
fact that serotonin injections can partially 
mimic effects of photic input on the oscillators 
in L. maderae as well as in a mollusc, Aplysia 
(6), coupled with reports that serotonin levels 
become elevated in the cerebral ganglia of a 
cricket, Acheta domesticus (7), during the 
dark/light transition of a LD 12:12 hr photo- 
periodic cycle, led us to hypothesize that brain 
serotonin levels in L. maderae should vary with 
time of day and variations should correlate 
with changes in light intensity (i.e., dark/light 
or light/dark transitions). Therefore, we mea- 
sured brain levels of serotonin at transition times 
between daylight and darkness and at midday 
and midnight in L. maderae held under LD 
12:12 and 25 + 2°C conditions using high per- 
formance liquid chromatography coupled with 
electrochemical detection (HPLC-EC) to test 
this hypothesis. 


132 


SEROTONIN LEVELS IN THE CocKROACH—Garrett et al. 


METHODS AND MATERIALS 


Animals.—The cockroaches, Leucophaea 
maderae, used in this study were newly 
emerged adult males obtained from breeding 
colonies maintained under LD 12:12 photo- 
periodic conditions with light onset at 0700 hr 
or 0600 hr. Roaches from these colonies were 
transferred to environmental chambers where 
they were allowed to acclimate to the same 
photoperiodic conditions as the breeding col- 
onies and 25 + 2°C for at least one week prior 
to obtaining brain samples. Several roaches 
were placed in plastic running wheels in order 
to monitor the entrainment of the activity cy- 
cle to photoperiodic conditions. Each revolu- 
tion of the wheel closed a magnetic reed switch 
wired to an Esterline-Angus activity recorder. 
Closing the switch produced a deflection of an 
ink pen and thus resulted in a dash on a paper 
strip chart. The paper chart moved at a con- 
stant rate, thereby allowing the daily pattern 
of activity to be monitored for these represen- 
tative roaches. The remaining roaches were 
placed in small plastic cages for easy retrieval. 
Food (puppy chow) and water (via a petri dish 
fitted with a cotton wick) was provided for all 
roaches ad libitum. 

Surgery.—Brains were surgically removed 
from roaches entrained to the LD 12:12 pho- 
toperiodic schedule at 0600 hr or 0700 hr (light 
onset), 1200 hr or 1300 hr (midday), 1800 hr 
or 1900 hr (light offset) or 2400 hr or 0100 hr 
(midnight). For each of the 6 assays run, 1 
roach at each of these times was removed from 
the plastic holding cages and frozen within 15 
s by dropping them into a polypropylene con- 
tainer of petroleum ether chilled to —74°C. 
Each cockroach was removed from the petro- 
leum ether and taped to the underside of a 
plastic petri dish lid with its head protruding 
through a hole. The head was secured with 
tape placed behind the neck, the lid was placed 
on a petri dish platform and the head capsule 
viewed under a dissecting scope. The cuticle 
between the compound eyes was then removed 
using a fractured razor-blade scalpel and for- 
ceps. Fat and other connective tissues were 
cleared away using forceps to expose the ce- 
rebral ganglia and both optic lobes. The optic 
nerves were then severed on one side and the 
corresponding optic lobe was then grasped us- 
ing forceps. Using the forceps to gently lift up 


on the brain, iridectomy scissors were used to 
cut the trachea, the circumesophageal connec- 
tives and the optic nerves on the other side, 
thereby freeing the brain from the head cap- 
sule. The entire surgical procedure was per- 
formed during a fairly constant time interval 
of under 2 minutes in order to minimize pos- 
sible enzyme activity on serotonin. During this 
time period brain tissue did thaw but remained 
chilled. The brains were weighed using a Met- 
tler balance and frozen immediately and stored 
for not more than 1 week in microvials at 
—74°C until prepared for analysis using HPLC- 
EC. 

Preparation for HPLC-EC Analysis.—Brain 
samples from each of the 4 sampling times 
were simultaneously thawed. Each brain was 
transferred to a Potter Elvehjem ground glass 
tissue homogenizer and 100 ul of mobile phase 
(i.e., that used in the HPLC analysis) plus 100 
ul (0.48 ug/ml) of internal standard (i.e., Nw- 
methyl-5-hydroxy-tryptamine) were added. 
The brain tissue was homogenized for 30 s. 
The homogenate was transferred to a chilled 
microvial and centrifuged at 20,200 x G for 
30 min using a Sorval refrigerated centrifuge 
at 4°C. The supernatant was transferred to a 
clean microvial using a micro-pipette and 0.8 
ml of (8:1 v/v) heptane: chloroform was add- 
ed. This microvial was placed on a vortex mix- 
er for 30 s. After the 2 phases separated, the 
lower aqueous phase was removed using a | 
ce syringe equipped with a 26 gauge needle. 
After withdrawal, the needle was subsequently 
replaced with a 45 wm syringe filter and the 
aqueous phase filtered into a new microvial 
and stored over ice until injected into the 
HPLC. 

HPLC Conditions.—HPLC grade metha- 
nol and 1-heptanesulfonic acid (sodium salt), 
were obtained from Aldrich Chemical Com- 
pany. Ethylenediamine-tetraacetic acid 
(EDTA), serotonin creatinine sulfate mono- 
hydrate (5-hydroxytryptamine) and the oxa- 
late salt of Nw-methylserotonin (N,-methyl- 
5-hydroxytryptamine) were obtained from 
Sigma Chemical Company. All other reagents 
were obtained from Fisher Scientific Compa- 
ny. 

The mobile phase was prepared by mixing 
18.00 g of sodium dihydrogen phosphate, 200 
ml of HPLC grade water, 6.0 mg EDTA, 300 
ml of HPLC grade methanol, 10 ml of ethyl 
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Representative locomotor activity patterns of three L. maderae acclimated simultaneously to the same pho- 


toperiodic (LD 12:12) and temperature (25 + 2°C) conditions as those roaches from which brains were removed for 
HPLC-EC analysis of serotonin. Light onset was at 0700 hr (roaches A and B) or 0600 hr (roach C) 


acetate and 0.20 g 1-heptanesulfonate. This 
solution was filtered through a 0.45 wm nylon 
filter (Micron Separations, Inc.), transferred to 
a 2 liter volumetric flask, the pH adjusted to 
4.0 using phosphoric acid and diluted to the 
mark with HPLC grade water. This solution 
was filtered through a 0.45 um membrane filter 
and degassed under vacuum prior to use. 

Standard stock solutions of serotonin and Nw- 
methylserotonin were prepared by dissolving 
1.0 mg of standard into a 25 ml volumetric 
flask with mobile phase. Standards of 0.016 to 
1.2 ug/ml serotonin were prepared from the 
stock solution. An internal standard of No- 
methylserotonin at a concentration of 0.16 ug/ 
ml was prepared from its corresponding stock 
solution. Working standards were prepared by 
adding 1.00 ml of internal standard, Nw-meth- 
ylserotonin, to 1.00 ml of each standard of 
serotonin. 

A Varian model 5000 HPLC, equipped with 
a 10 ul injection loop and a reverse-phase 
Brownlee® analytical C,, column with 5-~m 
particle size, was used for all separations. The 
detection system was Bioanalytical Systems 
Model LC-4B amperometric controller, LC- 


17A flow cell, Model MF-1000 glassy carbon 
working electrode and Ag/AgCl reference 
electrode. A flow rate of 1.8 ml/min was used 
for all runs. Detector voltage was operated at 
+0.75 V vs. Ag/AgCl. 

Data Analysis.—Calibration curves were 
prepared by plotting the peak height ratio of 
serotonin to Nw-methylserotonin versus nano- 
grams of serotonin injected. Data were sub- 
jected to a linear least squares regression anal- 
ysis in order to generate an equation with which 
brain serotonin levels could be quantified. The 
correlation coefficient was 0.999. Calibration 
curve data points represented the average val- 
ue determined in triplicate. 

Mean brain levels of serotonin determined 
in triplicate for 6 roaches at each of the 4 times 
of day were compared using a one-way anal- 
ysis of variance at the 95% confidence level. 


RESULTS 


Animals appeared to be entrained to the 
light/dark cycle (LD 12:12) in that represen- 
tative animals held in the running wheels ini- 
tiated activity at the same time each evening 
(Fig. 1). 
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TIME (min) 


Typical HPLC-EC chromatographs resulting from 10 ul injections of a standard solution (A) and a brain 


Fic./2: 


extract (B). The serotonin peak eluted at approximately 5.0 min and the internal standard (Nw-methylserotonin) at 6.0 


min 


The assay procedure using HPLC-EC gave 
good resolution of serotonin from both the in- 
ternal standard and other compounds extract- 
ed from brain samples (Fig. 2). 

No temporal variation in brain serotonin ley- 
els was detected in comparisons made among 
samples collected at the four times of day (Ta- 
ble 1). The lowest levels of 3.2 + 0.9 ng/brain 
detected at the dark/light transition (ie., lights 
on) were not significantly different from the 


highest levels of 4.4 + 0.7 ng/brain detected 
at the light/dark transition (i-e., lights off). 


Discussion 
Serotonin levels in the brain of this cock- 
roach species do not appear to vary on a tem- 
poral basis. Despite the fact that the existence 
of a daily rhythm in brain serotonin levels can 
not be disproved based on data obtained from 
only 4 times of day, it seems highly unlikely 
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TABLE | 
12 at 25 + 2°C at four times of day 
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Levels of serotonin determined for six brains taken from male Leucophaea maderae acclimated to LD 12: 


Lights on Midday Lights off Midnight ANOVA! 
Serotonin (ng/brain) 3.2 + 0.9? 3.6 + 0.7 44+ 0.7 3.5 + 0.8 N.S. 
Brain wt. (mg) 2.5 + 0.2 2.4 + 0.2 2.6 + 0.2 24+ 0.1 N.S. 
One-way analysis of variance at the 95% confidence level. N.S. = no significant differences found among treatment groups 
*Mean + standard error 
when considered in conjunction with data from ACKNOWLEDGMENTS 


HPLC-EC studies carried out in another cock- 
roach, Periplaneta americana (8), and the 
scorpion, Leiurus quinquestriatus (9) in which 
no daily variation was detected. In addition, 
the levels of serotonin detected in this cock- 
roach species (3.2 to 4.4 ng/brain) are slightly 
lower but consistent with levels reported in P. 
americana (5.8 ng/brain, (10); 6 ng/brain, (11); 
4.8 ng/brain, (8)), another cockroach species. 

Serotonergic neurons do not appear to be 
centrally involved in mediating the entraining 
effect of the light/dark cycle on the oscillators. 
Serotonin levels did not change significantly in 
response to daylight, darkness, the dark/light 
or light/dark transitions. A significant change 
in levels would be expected if serotonergic neu- 
rons were directly involved in transferring in- 
put from photoreceptors to the clock. This idea 
is tempered by the fact that data regarding 
release, re-uptake rates and metabolism of se- 
rotonin are not available. The lack of pro- 
nounced changes in serotonin levels does not 
rule out the possibility that serotonin plays a 
modulating role in affecting input to the clock 
from photoreceptors, especially in light of the 
slight tendency toward increasing levels dur- 
ing daylight hours. The idea that serotonin 
might modulate the activity of other input(s) 
to the oscillators would be consistent with data 
indicating the phase shifting influence of se- 
rotonin injections observed in this cockroach 
species (5) that partially (i.e., phase delay only) 
mimic photoperiodic entrainment. If serotonin 
modifies the flow of neural information along 
entraining pathways from the photoreceptors 
to the oscillators, then alterations in serotonin 
levels by injection could modify the flow of 
information to the clock, particularly under 
constant conditions of darkness. Information 
regarding release, re-uptake rates and metab- 
olism of serotonin is necessary to help resolve 
this problem. 
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ABSTRACT 


A breeding colony of the gulf fritillary, Agraulis vanillae (L.), was discovered on the west bank of the 


Tennessee River in Paducah, Kentucky in September 1989. Adults and immature stages were monitored at 


the site between 9 September and 12 October 1989. Some individuals were reared from larvae and eclosed 


in the laboratory at the University of Louisville, where 1 male was kept alive for 33 days. One individual 


was observed in Paducah near the 1989 site on 9 September 1990, and another on 11 and 12 October; no 


larvae were located 


The gulf fritillary, Agraulis vanillae (L.), is 
a tropical butterfly with a wide normal distri- 
bution from Argentina north to the southern 
tier of the United States (1). It strays farther 
north on an irregular basis, sometimes as far 
as New York and Pennsylvania on the east 
coast, and to Indiana, Michigan, and Wisconsin 
in the midwest. Occasionally breeding colonies 
are temporarily established as far north as Vir- 
ginia, Illinois, and Missouri; these are rarely if 
ever documented. The colonies are presum- 
ably killed off by winter frost, and may or may 
not become reestablished by new immigrants 
the following year. This paper reports the first 
observations on a breeding colony in Kentucky. 

The butterfly is bright orange with small 
black markings on the upper surface of the 
wings; the undersides are orange and brown 
with vivid silver spots. The silver spots are sim- 
ilar to those of true fritillaries (Speyeria spp.), 
but A. vanillae is a member of the tropical 
American family Heliconiidae while Speyeria 
spp., of which Kentucky has 4, belong to the 
temperate zone family Nymphalidae (2). 
Agraulis vanillae has been recorded in 10 Ken- 
tucky counties from Fleming in the eastern 
mountains to McCracken and Christian in the 
west (Fig. 1). The oldest record, 20 July 1898, 
came from Lexington, Fayette County. 

Most records are single collections or sight- 
ings; however, J.A. Shields of Sullivan, Union 


County had 6 specimens from that locality in 
his private collection, which came to the Uni- 
versity of Louisville via Murray State Univer- 
sity, where they were deposited by the collec- 
tor. Dates of observation and capture range 
from 15 June to5 November, but most captures 
were made in September and October. Since 
this species migrates northward during the 
summer months, it is reasonable to expect that 
one is more likely to encounter gulf fritillaries 
toward the end of the flight season. 

Forms other than the adult were not re- 
corded in Kentucky until Richard A. Hender- 
son found a pupa at Crofton, Christian County 
on 2 September 1989. An adult subsequently 
emerged from this chrysalis (R.A. Henderson, 
pers. comm. ). 

On 18 September 1989, the second coauthor 
observed several gulf fritillaries along the west 
bank of the Tennessee River close to its con- 
fluence with the Ohio River in Paducah, 
McCracken County. They were nectaring on 
morninglory flowers among the rip-raps lining 
the river bank at the end of Tennessee Street. 
Two were collected, and at least 1 more was 
seen. Four were collected on 21 September, 
and 2 more were observed that day. On 25 
September, 6 larvae were found feeding on 
passion-flower, Passiflora incarnata L. Adults 
and larvae were observed at the site on 26 
September, and on 3, 4, and 5 October. 
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The coauthors and several Boy Scouts from 
Paducah Troop 1 searched for gulf fritillary 
adults and larvae on 7 October 1989. At least 
25 larvae were counted, and at least 8 adults 
were seen. Several of them were collected. The 
adults were patrolling the riverside or sunning 
themselves with wings outspread. None were 
seen to be nectaring (morninglory was no lon- 
ger in flower, but other flowers were still 
blooming). Two pupae (plus 1 of the buckeye, 
Junonia coenia (Hiibner)) were collected from 
high on the nearby flood wall in an area where 
sunshine warmed the wall. The first coauthor 
took 13 larvae with plenty of foodplant, plus 
the 2 pupae, back to the laboratory in Louis- 
ville. The larvae grew to full size, pupated, 
and 10 of them emerged as adults between 21 
and 25 October. One male did not expand its 
wings well, and was kept alive for 33 days on 
a diet of saturated aqueous table sugar solution. 
Other larvae were reared successfully by sev- 
eral of the Boy Scouts in Paducah. The second 
coauthor continued to monitor the colony, and 
found 5 larvae still feeding on 24 October. The 
last adult was seen on 18 October. 

In December, a cold period of unusual se- 
verity almost certainly killed any remaining 
living forms of any stage in the colony. Al- 
though this species breeds year around in the 
tropics and Florida and Texas, subzero tem- 
peratures certainly kill it, as indicated by its 
subtropical normal U.S. range. 
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Dots represent county records for Agraulis vanillae in Kentucky 


During the summer of 1990, the second 
coauthor looked for A. vanillae many times in 
Paducah. He finally found 1 on 9 September, 
which he collected. A second individual was 
sighted but not collected on 11 and 12 October. 
On 22 September, Boy Scouts Phil and Tim 
Jaeger observed about 6 gulf fritillaries in Land 
Between the Lakes near Kentucky Lake in 
Trigg County, and collected 1 specimen. 

How many temporary colonies of southern 
butterflies, such as the gulf fritillary, the fairy 
yellow Nathalis iole Bdy., and the more com- 
mon cloudless sulfur, Phoebis sennae eubule 
(L.), establish themselves in Kentucky each 
year? Are there years when they do not be- 
come temporary breeders on Kentucky plants 
at all? Certainly there are years in which es- 
tablishment is fairly widespread long the the 
Mississippi and Ohio rivers and their tributar- 
ies, which form a northward channel. The sub- 
ject of marginal occurrences and temporary 
breeding colonies of butterflies has scarcely 
been explored. We hope this paper will stim- 
ulate more extensive research into this phe- 
nomenon. 
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Formation of Jones-Keeney Natural Bridge 


THomas C. KInp, V. LYNN SHELBY, AND PETER W. WHALEY 


Department of Geosciences, Murray State University Murray, Kentucky 42071 


ABSTRACT 


The developmental sequence and morphometry of the Jones-Keeney Natural Bridge of Caldwell County, 
Kentucky, are described and illustrated. The landform is interpreted to be the product of a combination of 


geomorphic and structural processes which include fluvial erosion, ground water flow, solution along a 


lithologic change and solution within joints of the upper Caseyville Formation 


INTRODUCTION 


Natural bridges and arches are some of the 
Commonwealth's most beautiful landscape 
features. The most frequently visited bridges 
are located in eastern Kentucky. Documented 
natural bridges and arches are rather limited 
in western Kentucky. In 1977, Corgan and 
Parks (1) cited a total of 20 bridges which had 
been described in Kentucky. Two additional 
features were described by Kind and Shelby 
(2) in 1985. More complete descriptions of the 
well-known bridges and arches in central and 
eastern Kentucky were presented by McFarlan 
(3) in Geology of Kentucky (1943). 

An interesting natural bridge in Caldwell 
County of western Kentucky is discussed here. 
The bridge, situated in the Jones-Keeney Tract 
of the Pennyrile Wildlife Management Area, 
is locally known but has not been documented. 
The 648 ha tract was deeded to the Kentucky 
Fish and Game Commission in 1931 (4). Due 
to the location and lack of a consistent name, 
we propose that this bridge be formally named 
the Jones-Keeney Natural Bridge. Other ex- 
ceptional landforms are nearby; a very scenic 
waterfall and a rock shelter are found in the 
same drainage basin as the bridge. 


LOCATION 


The Jones-Keeney Natural Bridge is located 
approximately 10 km east of Princeton, Ken- 
tucky near U.S. Highway 62 on the southeast- 
ern slope of Hunter Bluff (Fig. 1). The bridge 
is on the southeastern border of the Olney 7.5 
minute USGS Geologic Quadrangle (5). Access 
to the natural bridge is relatively easy by trails 
at the base or along the top of Hunter Bluff 
then by an easily visible path parallel to the 
stream valley in which the bridge has formed. 
Access is also available via a gravel road which 


leads to Hunter Cemetery. There is a small 
alcove or rock shelter about 250 m southeast 
of the bridge that shows an immature stage of 
bridge development and is interpreted to be 
identical to an earlier stage of the Jones-Kee- 
ney Bridge. Another impressive feature known 
locally as Waterfall Cave is located approxi- 
mately 0.5 km southeast of the natural bridge. 
Waterfall Cave is beyond the wildlife man- 
agement boundary on private property (Fig. 
1), and can be found on the Dawson Springs 
7.5 minute USGS Geologic Quadrangle (6). 


DIMENSIONS OF THE BRIDGE 


The span of the Jones-Keeney Natural Bridge 
is oriented approximately N 10°W (Fig. 2). The 
length of the span is 7.9 m. The surface of the 
span is slightly depressed and slopes in a down- 
stream direction. The span height is 1.4 m. The 
width of the span is 5.4 m at the center, and 
the thickness is 1.9 m. The width of the window 
behind the span is 7.7 m and the length is 13.9 
m at ground level (Figs. 2 and 3). An inter- 
mittent stream pours into the window through- 
out much of the year, flows under the span, 
and joins a larger intermittent tributary of the 
East Fork of the Tradewater River. 


GEOLOGY 


The Jones-Keeney Natural Bridge is located 
in the Shawnee Section of the Interior Low 
Plateaus physiographic region (7). The topog- 
raphy of the local area is characterized by rug- 
ged to rolling hills and steep-walled valleys. 
Elevations range from 115 to 200 m. 

Faults of the Tabb Fault System (5) are sit- 
uated approximately one km northwest of the 
bridge. The faults are high-angle, normal faults 
trending approximately N 79°E or N 32°W and 
N 87°E in the immediate vicinity of the study 
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area. Numerous near vertical joint strikes were 
measured along the southwestern exposure of 
Hunter Bluff, approximately N 25°W and N 
10°W sub-parallel to the face of the outcrop. 
A second set of near vertical joint sets strikes 
N 80-85°E, perpendicular to the bluff. Other 


joints trend transverse to the outcrop at N 75- 
85°W. 


Joints measured at the bridge showed ob- 
vious structural control; a joint along the back 
of the span at N 10°W and a vertical joint 
perpendicular to the span striking N 80°E. Two 
additional joints located immediately to the 
right of the face of the span are oriented N 
75°E and N 83°E. The fractures are clearly 
related to the regional tectonism associated with 
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Fic. 2. Bridge dimensions: a, window length; b, window width; c, span width; d, span thickness; e, span height; f, 


span length 


the post-Pennsylvanian through possibly late _ tion, a cliff-forming unit ranging from 27-52 
Cretaceous activity along the Tabb Fault Sys- _m in thickness. In the study area, the upper 
tem (8). Caseyville is a conglomeritic, yellowish-brown 

The bridge has formed in the upper part of | sandstone with quartz pebbles approaching 25 
the lower Pennsylvanian Caseyville Forma- mm in diameter. At the bridge site, the con- 


Fic. 3. Jones-Keeney Natural Bridge, an elevated view emphasizing the shape of the window and the span. 
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glomeritic facies changes to a fine-grained 
sandstone at the base of the outcrop. A ground- 
water seep is present at this interface (Fig. 4). 
Liesegang banding or layering is present in the 
backwall of the window and is found exten- 
sively in joints of Hunter Bluff and throughout 
the exposed Caseyville, indicating high poros- 
ity and excellent transmissivity of ground wa- 
ter. Boxwork weathering is well-developed on 
the northwest perimeter of the backwall of the 
bridge. Honeycomb weathering or tafoni is 
found on southwestern exposures of the for- 
mation. Some areas on Hunter Bluff and along 
the East Fork of the Tradewater River show 
excellent cross-bedding. 


PROCESSES AND CONDITIONS 
RESPONSIBLE FOR BRIDGE 
FORMATION 


The Jones-Keeney Natural Bridge devel- 
oped in response to surface stream flow, ground- 
water infiltration and transmission and solution 
along a lithologic change and joints in the Ca- 
seyville (Fig. 4, a-d). The stream that presently 
flows through the window of the bridge once 
flowed across the top of the span. The channel 
eroded by the fluvial activity is shown by the 
depressed surface of the span (Figs. 2, 3, and 
4a). Due to the coarse-grained, permeable na- 
ture of the upper Caseyville in the study area, 
ground water was readily transmitted through 
the conglomeritic facies and moved along the 
interface between the conglomeritic sandstone 
and the fine-grained, less permeable strata be- 
low. The ground-water movement accelerated 
sapping near the base of the future bridge and 
deposited hematite and limonite as concentric 
bands and joint fill as it traveled. At the same 
time, surface water and ground water was ac- 
tively widening existing joints at the site (Fig. 
4b). Through time, one joint (N 10°W) was 
significantly affected by these processes to the 
point that a continuous open fracture devel- 
oped from the surface through the sandstone 
facies. At that time the surface stream flow was 
diverted from its previous course across the 
future span to the immature window (Fig. 4c). 
Continued weathering and erosion have en- 
larged the window behind the span and as- 
sisted in the sapping process occurring at the 
base of the bridge that has contributed to the 
definition of the span (Fig. 5). 
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Developmental sequence of the Jones-Keeney 
Natural Bridge. 
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Approximately 250 m from the Jones-Kee- 
ney Natural Bridge is an alcove that is pres- 
ently at development stage b (Fig. 4). Surface 
weathering and erosional activity have not ad- 
equately enlarged the joints parallel to the face 
of the outcrop to form a window; but, in time, 
the sequence outlined for the Jones-Keeney 
Bridge will likely be completed. 


CONCLUSIONS AND SUMMARY 


The Jones-Keeney Natural Bridge and the 
nearby alcove have formed in response to flu- 
vial erosion at the surface, and ground-water 
transmission and solution along lithologic 
boundaries and joints which are directly re- 
lated to regional structural trends. The com- 
bination of these processes at the Jones-Keeney 
Tract clearly illustrates one method by which 
natural bridges are formed. Due to the pres- 
ence of these conditions, other undocumented 
bridges or alcoves may exist along the outcrops 
of the upper Caseyville Formation in the area. 
The entire Jones-Keeney Tract is particularly 
suitable for geologic field instruction and in- 


vestigations concerning fracture analyses, dif- 
ferential weathering processes, and fluyial dy- 
namics. 
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NEWS AND COMMENT 


ANNUAL MEETINGS leyan College, and Owensboro Community 
The 77th meeting of the Kentucky Academy College. a 
of Science will be at the Executive Inn, Owens- The 78th meeting is planned for the Ashland 


boro, 7-9 November 1991. The meeting is co- Community College, Ashland, Kentucky in 
sponsored by Brescia College, Kentucky Wes- November 1992. 
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